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THE EFFECT OF ADAPTIVE LEARNING SOFTWARE IN MATHEMATICS ON THE
ACHIEVEMENT OF SIXTH-GRADE BLACK MALES AT A TITLE I SCHOOL

by

DEMETRIA R. WILSON

Under the Direction of Dr. Pier A. Junor Clarke

ABSTRACT
Since 2013, more than half of the Black males at a Southeastern middle school scored below the
benchmark of the mandated STAR mathematics assessment. These scores reflected the similar
statistics for the nation regarding Black males who scored below the benchmark scores of
various assessments (Ravenel, Lambeth, & Spires, 2014). Minor (2016) informed that even
Black advanced mathematics students scored significantly lower on assessments than their White
colleagues and were more likely to be less than proficient at all mathematics skill domains. As
the John King Middle School (JKMS) district began to move toward personalized learning with
the purchase of more adaptive learning and technology resources for its students, the researcher
decided to explore the effectiveness of its latest purchase and implementation—Redbird
Mathematics (Redbird)—and its effect on the achievement of sixth-grade Black males. The
purpose of this study was to examine the effect of Redbird on the mathematics achievement of
sixth-grade Black males.

Knowledge Space Theory (Falmagne & Doignon, 1985) guided this quasi-experimental
comparative study and compared the STAR mathematics pre- and post-assessment data, GMAS
scores, and final mathematics course grades of sixth-grade Black males from the 2014 to 2015
school year—who did not have Redbird as a resource—to the STAR mathematics pre- and postassessment data, GMAS scores and final mathematics course grades of sixth-grade Black male
students in the 2016 to 2017 school year—who consistently used Redbird for at least one hour
and a half each week. The results of this study show that Redbird did not have an effect on
mathematics achievement at the .05 level, p = .35 (STAR), p = .17 (GMAS), and p = .08 (final
course grades) for each achievement indicator. In addition, the categorical independent variable
(time spent learning in Redbird) is not a predictor of mathematics achievement, p = 3.25. With
the use of independent t-tests, the results suggest that school districts should consider more
research on adaptive learning and its effect on mathematics achievement. Extended research
may offer insight to current and future interventions used with the hope to increase mathematics
achievement among Black American males.

INDEX WORDS: Achievement gap, Adaptive learning system, Black males, Black male
students, Knowledge domain, Knowledge space, Knowledge state, Learning paths/pathways,
Mathematics education, Metropolitan, Middle school, Numeracy, and Redbird Mathematics
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CHAPTER 1 INTRODUCTION
There is an ongoing discourse regarding Black male achievement in mathematics. Some
scholars highlight the data that show low-performance scores of Black males often compared to
White males to show that the problem of inequity in education continues (Horvat & O’Connor,
2006; Kunjufu, 2006; McGee & Pearman, 2014; Toldson, Brown, & Sutton, 2009; Wilson,
2011). The scholars who highlight low-performance data of Black male students normally offer
research-based solutions to the problem of low achievement. Other scholars’ works that
highlight achievement success among Black male students, as success stories are not shared as
often as the stories of deficit and low performance (Berry, 2005; Berry, Thunder, & McClain,
2011; Grantham, 2004; Jett, 2011; Jett, 2009; McGee & Martin, 2011; Stinson, 2006; Stinson,
2013; Whiting, 2006; Whiting, 2009). According to Garibaldi (1992), Black male students begin
to fall behind mathematical standards in the fourth grade, and by the time they reach middle
school, this break in mathematics learning has caused disinterest and low self-confidence in
mathematics achievement. I have observed the struggles of my Black male students to perform
well in mathematics and often, it is difficult for them to reach their academic grade level in
mathematics from the struggles that began in the fourth grade (Vanneman, Hamilton, Anderson,
& Rahman, 2009).
In the following paragraphs, I first provide a description of the researcher’s background
and rationale for research interest. I then offer a description of Black male achievement in
mathematics at research locale, statement of the problem, the purpose of the study, research
question, hypothesis, theoretical framework, and significance of the study. Finally, the definition
of key terms and the continued plan of the dissertation are defined and discussed.
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Researcher’s Background
I gained a better understanding of the foundations of mathematics during the years I
homeschooled my children. Having a greater understanding of the use and need for
mathematical proficiency, I went back to Georgia State University in 2010 and in 2011 earned a
master’s degree in middle-level education with a certification to teach science and mathematics.
I was once again, on the campus of my alma mater, except this time, my interests were
piqued in the discussions of constructivism, social justice, educational equity, poverty, and
socioeconomic status. I was blessed to be under the tutelage of Dr. Christopher Jett, who
introduced me to the writings of Gloria Ladson-Billings and Eric Gutstein. I read the term “gatekeeper” (Stinson, 2004) and began to wonder how I would help change the lives of middle
school students upon my graduation. The more I read and studied, the more I was fascinated
with the stories of middle school Black males and their academic achievement. Ladson-Billings
(1997) stated, “The telling statistics on the life chances of African Americans suggest that
whenever we can improve the schooling experiences for African American students, we have an
opportunity to reverse their life chances” (p. 697). I wanted to help improve the life chances of
students, and as I began my teaching career, this desire grew more toward Black males. I did not
understand why I had a heart for Black male achievement until one day during the early part of
my doctoral program. I do not know exactly what I was reading or writing, or whether I was in
class at Georgia State, but the following story came to my remembrance and gave me the reason
for my passion to support Black males in their academic achievement.
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Rationale for My Research Interest
In 2009 I was a reading volunteer at a local elementary school. On a particular fall day, I
was working with a third grade Black child named Leroy. I made small talk with Leroy before
having him read for me. When he began to read and got to the word, street, he pronounced it,
stree—without the ending “t”. I told him to pause and to enunciate making sure that he made the
ending “t” sound. His teacher overheard my conversation with Leroy and politely came to the
table and said to me, “Oh, that’s fine, he doesn’t have to do that.” I did not understand why she
did not feel it necessary for Leroy to enunciate the ending sound, as in phonics curricula, it is
stressed that children enunciate ending sounds. This careful enunciation helps them to
differentiate between individual sounds and blended sounds (Delcamp, 1987; Gunning, 1995).
Having grown up in Elizabethtown, Kentucky (a small suburb outside of Louisville, Kentucky), I
was quite familiar with Black children not being taught with the same rigor as White children
and not being recognized for their brilliance. These memories, which make up my subjectivity,
surfaced, and I was determined that I was going to “help” Leroy. Leroy was going to learn to
read well, and he was going to do well in all of his classes. He was going to stop getting into
trouble and was going to finish high school and go on to college. That was the dream I had for
Leroy. The next week when I came to volunteer, Leroy was not there. Leroy had moved to
Detroit, Michigan. The teacher told me that Leroy and his family moved around quite often, and
as she spoke of Leroy’s frequent infractions, constant principal visits, and lackluster home life,
she shook her head, shrugged her shoulders and let out a sigh. This is the memory that directed
my passion for research to support Black male student achievement.
I have had several “Leroys” in my classes. I still try and “help”, except this time, I do so
by teaching them that mathematics matters and that, no matter what anyone has told them, they
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can be successful in mathematics. There is one problem, however—the “Leroys” enter my
classroom significantly below the standard for basic mathematics skills. This issue is a major
obstacle I observe that hinders them from realizing mathematical success.
Black Male Achievement in Mathematics at Research Locale
As a sixth-year mathematics teacher at a hyper-segregated school—minority enrollment
of 90 to 100% (Gholson, 2013), the students I teach are predominantly Black American and at
least half of these students are Black males. Each year when students at my school take the
STAR mathematics pre-assessment, more than 80% of the students do not meet the benchmark
for the category, “at/above proficient”, and half of these students are Black males. After
analyzing the STAR pre-assessment data, I create lessons that spiral previous mathematical
content and reiterate basic skills. I believe this effort to be ineffective because I am expected to
build upon K-5 mathematics while many of my students have not mastered grades four and five
mathematics’ standards. As a support and resource tool, my school district implemented the
Redbird Mathematics software throughout its schools and all students have access to the
program. The purpose of the implementation was to address low student mathematics’
performance. Last school year I watched some of my students interact with Redbird and was
curious to know if it made a difference in their mathematical progress.
Many of my students this school year will require additional mathematics support at all
costs to propel them to their current grade level in mathematics proficiency. With Redbird being
a district supported software, I have the opportunity to inform whether or not Redbird is effective
for the Black male students it serves while offering insight into its effectiveness to serve all of its
students so that there is an increase in mathematics achievement throughout the district. At the
end of the study, I hope to use the results to bridge the conversation of mathematics deficiency to
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more conversations about the mathematical successes of Black male students in particular, while
offering support to other marginalized groups so that they begin to realize increased
mathematical success as well.
Statement of the Problem
At several schools today, the continued lack of numeracy among Black students persists
and is easily recognized in middle schools where the demand for numeracy is evident at this
intermediate stage of early education. The national statistics mirror the low mathematics’
achievement of Black male students in many metropolitan schools in the Southeastern part of the
United States due in part to poor attendance and a lack of basic mathematics skills among Black
students as they continue into middle school education. Specifically, in the district where I
teach, the Black male enrollment for the sixth-grade at John V. King Middle School (JKMS) has
consistently averaged 50% of the total sixth-grade students each school year since 2012. Each
year these students take the district mandated STAR mathematics pre- and post-assessments and
more than half score below the benchmark on the pre-assessment for that grade level. Again,
these scores reflect the similar statistics for the nation regarding Black male students who do not
achieve the benchmark scores of various assessments. This high percentage of sixth-grade Black
male students who do not meet the benchmark of a pre-assessment given for their grade level
indicates that the problem of poor mathematical achievement still exists among this group of
students.
In an attempt to address the problem of poor mathematics achievement, the school district
purchased and launched a school-wide license for Redbird, an adaptive learning software. Out of
concern for student academic success, the researcher investigated if the software affected the
achievement of her sixth-grade Black male students.
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Redbird is a district resource with the purpose to guide the development of personalized
learning adapted to student interests and needs. For this study, the analysis of STAR, GMAS
scores, and final mathematics course grades was an attempt to explore the use of Redbird as a
possible effective tool to help increase student achievement in mathematics, particular to Black
males.
Purpose of the Study
The purpose of this study was to examine the effect of Redbird on the mathematics
achievement of sixth-grade Black males enrolled at JKMS, a Title I school located in the
Southeastern region of the United States. This examination included the comparison of STAR
pre- and post-assessment data, GMAS scores, and final mathematics course grades of sixth-grade
Black males from the 2014 to 2015 school year—who did not have Redbird as a resource—to the
STAR mathematics pre- and post-assessment data, GMAS scores and final mathematics course
grades of sixth-grade Black males in the 2016 to 2017 school year—who did have school access
to Redbird and who used Redbird for at least one hour and a half each week. To determine the
effect of Redbird, the following research question guided this study.
Research Question
The research question for this study is:


What is the effect of Redbird Mathematics on the mathematics achievement of sixthgrade Black males using the STAR assessment, Georgia Milestones Assessment
System (GMAS) scores and final mathematics course grades?
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Hypothesis
H0: There will be no effect of Redbird Mathematics on the mathematics achievement of
sixth-grade Black males as measured by the STAR post-assessment, GMAS scores, and
final mathematics course grades.
Theoretical Framework
Knowledge Space Theory. The theoretical framework that directed this study was
Knowledge Space Theory (KST) founded in 1985 by Jean-Claude Falmagne and Jean-Paul
Doignon. According to Albert, Hockemeyer and Wesiak (2002) KST is a psychological
mathematical theory that uses “…dependencies among the problems and other learning objects
in a knowledge domain for structuring the assessment and teaching process” (p. 480). An
abstract private tutor, serving in the teaching process, emerges and adapts instruction to the
learner using the software. By a simple definition, KST is comprised of a knowledge state, a
knowledge space and learning paths (Albert et al., 2002; Falmagne, Cosyn, Doignon, & Thiery,
2004; Nwaogu, 2012). A knowledge state is determined by the number of items answered
correctly or mastered by the learner (Albert et al. (2002); Nwaogu (2012), and a knowledge
space (set of possible knowledge states) emerges from the learner’s answer patterns. Learning
paths are then formed from the knowledge space. Learning paths are where students navigate
from the starting point to the ending point which allows them to gain mastery. Each of these
components form the “brain” of adaptive learning software (See Figure 1).
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Knowledge
State

Knowledge
Space

Learning
Paths

Components of an Adaptive
Learning Software
Figure 1. Structure of an Adaptive Learning Software.
In this study, the knowledge state, knowledge space and learning pathways operate within
the specific knowledge structure of mathematics. In mathematics, particularly it is believed that
the science builds upon itself and that in order to be mathematically proficient and successful,
one must master a set of prerequisite skills (Yakubova, Hughes, & Hornberger, 2015). The KST
framework uses this belief as its foundation to heighten learning with a created personalized
learning path for each student shaped from student skills’ pre-assessment data (knowledge
state)—from this, a knowledge space is formed that represents the learners’ strengths and
challenges. Chatchawan (2016) suggested that within the KST there are several learning paths
that then lead to mastery of the particular content area or subject. The creators of Redbird
designed the mathematics program with the same understanding of learning pathways (See
Figure 2).

9

Figure 2. Example of two possible learning pathways displayed by Redbird Mathematics.
Adapted from Redbird Advanced Learning (www.redbirdlearning.com).
Redbird threads the tenets of KST within its software design. The program first assesses
the knowledge state of a student with the course placement diagnostic. After the course
placement assessment, Redbird creates a knowledge space from the assessment based on the
prior determined knowledge state in the science of mathematics. This space places the student
within a structure to begin the process of learning—acknowledging that there is more than one
way, or “learning path” to reach the level of content mastery or proficiency.
Significance of the Study
This study is significant because Redbird is an adaptive learning software with the
capability of personalized learning that scholars indicated was hope for a change in a positive
direction (Kendricks, 2011; Lowther, Inan, Strahl, and Ross, 2008; Whiting, 2009). It is
imperative that research is conducted to collect evidence regarding the effectiveness of Redbird,
as Aivazidis, Lazaridou, and Hellden (2006) argued, “It is not enough to install even the most
updated software and hardware at schools if the issue of effective learning is not addressed” (p.
45). Noguera (2003) added to the discourse that far too often, adults act on behalf of young
people “…without ever investigating whether the interventions meet the needs or concerns of

10
youth” (p. 453). As previously stated, Redbird is a district supported software and this study
may help to inform whether Redbird is effective for the Black male students the district serves,
while offering insight into its effectiveness to serve all of its students. The researcher sought to
understand the usefulness of Redbird. The results and discussion of this research examined the
outcomes of the Redbird intervention based on the STAR pre-and post-assessments, GMAS
scores, and final mathematics course grades.
Definition of Key Terms
Achievement Gap – Black students fall below the standard and do not perform as well as their
White counterparts (Carter, Hawkins, & Natesan, 2008).
Adaptive Learning System – describes the arrangement of learning pathways that support student
learning styles
Basic Mathematics Skills – the ability to calculate single-digit arithmetic, understand fractions,
decimals and percents, and comprehend order relations (Rainboth & DeMasi, 2006; Rubenstein,
1985).
Black Males - a minority group often studied with the intent to examine factors that affect their
achievement within the community and public and private institutions of education
Black Male Students – Black males enrolled in K-12 schools or post-secondary institutions
Knowledge Domain – item sets, problems, or questions
Knowledge Space – the set of possible knowledge states
Knowledge State – the subset of items a student is able to master
Learning Paths/Pathways – the possible number of ways a student can move from the
knowledge state through the knowledge space to the expert knowledge state
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Mathematics Education – activity or practice of teaching and learning mathematics (Ernest,
1991; NCTM, 2017).
Metropolitan – a term often used to describe a core city with a large population and adjacent
communities that interact with the core city economically and socially (Lynch et al., 1998).
Middle School – Students ages 9-13 or grades 6-8 (Berry, 2008; Yaffe, 2012).
Numeracy – implies that one can effectively use mathematics to accomplish daily tasks in the
home, workplace, or community (Kissane, 2012).
Redbird Mathematics – a mathematics software used to support student achievement in
mathematics in grades K-6 (www.redbirdlearning.com).
Organization of the Study
The dissertation consists of five chapters: (1) Introduction—overview of the study, (2)
Review of the Literature—progress of history, Black student achievement, Black male student
achievement (dominant narrative), Black male student achievement (counter-narrative),
personalized and adaptive learning, Redbird Mathematics, and benefits and challenges of
personalized learning, (3) Methodology—research design, context, participants, instruments,
procedures, and data collection, (4) Results—data analysis, (5) Discussion—limitations,
implications for practice, and recommendations for further research. The Reference and
Appendices sections conclude the dissertation.
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CHAPTER 2 REVIEW OF THE LITERATURE
This chapter will illustrate the progression of the history of Black American students,
Black student achievement, Black male achievement, and possible suggestions to address the
problem of low mathematics achievement and inequity. Next, personalized and adaptive
learning, and Redbird Mathematics are discussed. Finally, the challenges and benefits of
implementing personalized and adaptive learning within the classroom are discussed.
Progress of History
While there have been several improvements and reforms in education over the last six
decades, Black American students continue to receive inadequate educational opportunities
especially in the learning of mathematics (Leonard, McKee, & Williams, 2013). The U.S. failed
mathematics reform efforts have played a great role as to why Black students continue to
perform below the standards of their intellect (Tate, 1994). During the early to mid-20th century
(the 1900s to 1940s), Thorndike’s Stimulus-Response Bond theory, which supported drill and
practice and explicit instruction, dictated the direction of mathematics learning (Berry, Pinter, &
McClain, 2013; Ellis & Berry, 2005). The simplicity of mathematics instruction during this time
(1900s to 1940s) was suitable for the industrialized workplace as only basic mathematics skills
were necessary. However, in 1957 when the Russian artificial satellite, Sputnik, was launched,
so was a change in mathematics education (Schoenfeld, 2002). The satellite launch event caused
unrest in the United States as the political power felt its national security and the intellectual state
of its citizens in the areas of mathematics and science were threatened; so, began the “math
wars” (Berry, Pinter, & McClain, 2013; Schoenfeld, 2004)—the wars between traditional
mathematics learning (drill and practice and rote memorization) and new mathematics reform
(process and conceptual learning). The problem with the “new math” (Herrera & Owens, 2001)
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was that its accessibility to Black children was limited due to; 1) many being tracked into lower
level mathematics courses, 2) lower level courses are not taught by the highly qualified
mathematics teachers, 3) lower level courses have less access to technology, and 4) mathematics
curriculum does not align to the home experiences of many Black children (Snipes & Waters,
2005). Also, the older textbooks that were handed down from the White schools did not contain
the “new” information. These exclusions prevented Black children from learning the “new
math” and set their advocates on a path to continuously fight just for them to be on an equal
playing field with other students (Snipes & Waters, 2005).
Following this movement, the Back-to-Basics (the 1960s to 1980) was the next
mathematics reform movement to emerge (Berry, Pinter, & McClain, 2013; Ellis & Berry, 2005).
The focus of this movement was basic mathematics skills and procedures—much similar to
Thorndike’s theory—yet, with much attention placed upon testing (Ellis & Berry, 2005).
Although the Standards Movement (the 1980s to 2000) and the infamous 2002 No Child Left
Behind Act reforms are worth noting, during the Back to Basics Reform era, the uphill climb for
Black children grew steeper as they were constantly denied access to quality mathematics
education due to desegregation practices. The mandatory busing plan—established by the
landmark, Swann v. Charlotte-Mecklenburg Schools (1971)—sought to create racial balance
among schools. However, the plan created re-segregation within schools as Black students were
not recognized for their academic ability and were placed in classrooms where they were ignored
or taught at levels of low rigor (Horvat & O’Connor, 2006). Schoenfeld (2004) stated, “Hence,
lack of access to mathematics is a barrier—a barrier that leaves people socially and economically
disenfranchised” (p. 255). This disenfranchisement has created a discontented group of children
with Black males being the most discontented (Sandoval, 2002).
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Black Student Achievement
In her examination of the relation between the attitudes of Black students to their
academic outcomes, Mickelson (1990) referred to the summary of data as the attitudeachievement-paradox. The paradox is that although Black students state that they believe
education is important when asked to respond to whether or not they believe that education will
lead to a better life, the answer was a definite, “no.” The most common instruments used to
measure student achievement are, a) high school and college grade point averages, b) dropout
and graduation rates, and c) standardized test scores. Of these instruments of achievement
measure, Black students fall below the standard and do not perform as well as their White
counterparts, creating what is commonly known as the achievement gap (Carter et al.,
2008). This study uses the term “achievement gap” not to continue the master narrative (Anyon,
2005; Terry, 2011) that Black students are less intelligent than White students, but as a point of
reference that Black students continue not to have access to the educational tools and resources
necessary for a quality education.
According to Bol and Berry (2005), there are several factors that interact to affect
achievement disparities between Black and White students. School policies, socioeconomic
status, teacher instructional practices, teacher expectations, academic tracking, standardized
testing, family dynamics, and student characteristics are just some of the factors most highly
observed. To address the factors that contribute to achievement disparities between Black and
White students in more depth, Bol and Berry (2005) conducted a study with a sample of 379
middle (41% of the sample) and high school teachers (58% of the sample). The sample
comprised of 89% White teachers (69% female)—all from the National Council of Teachers of
Mathematics (NCTM) roster. The following research questions were addressed: 1) What do
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secondary mathematics teachers perceive to be the most important contributors to the
achievement gap in mathematics? 2) Do these perceptions differ as function of student, school,
and district characteristics (i.e., ethnicity and socioeconomic status of students, geographic
setting, region of the country, size of district)? 3) Do secondary mathematics teachers'
perceptions of the achievement gap differ from those of school/district mathematics supervisors
or university faculty?, and 4) What suggestions do secondary mathematics teachers have for
reducing the achievement gap? (p. 34).
In order to answer the research questions, the researchers developed a survey that used
both qualitative and quantitative methods. The first section of the survey requested demographic
and employment characteristics. The next sections—preceded by the NCTM definition of the
achievement gap—offered 23 rating scale items related to contributing factors to the
achievement gap. The items were grouped into five scales and included 1) background and
societal influences, 2) student characteristics, 3) curriculum and instruction, 4) politics and
policy, and 5) language. A Likert scale ranging from “strongly disagree-1” to “strongly agree-2”
was used to rate responses. Open-ended questions were used to solicit the participants’ personal
definition of the achievement gap in mathematics, its major causes, and possible strategies to
address the gap. A quantitative analysis software, Atlas TI, was used to analyze the open-ended
questions. The final five-item section of the survey targeted only participants within the district
or its schools regarding characteristics of the district or its schools—including school population
characteristics. Results of the survey responses raised the issue to the four following themes
affecting Black students in mathematics: 1) family background—teachers felt that families who
did not encourage academic achievement, by assisting their students with homework or study
contributed to the achievement disparity. If parents do not value education, they do not force
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attendance and do not follow up with their students’ progress, 2) societal influences—children
are exposed to drugs, alcohol, and negative media, 3) curriculum and instruction—low teacher
expectations and little mathematics content knowledge, and 4) student characteristics—whether
or not students take the time to review instruction on their own, study for tests/quizzes or
perform any additional task that will support them in mathematics understanding.
The average student populations of the sampled schools were 66 % White, 14% African
American, and 12% Latino/Hispanic; and, thirty-seven percent of the participants received free
and reduced lunch. The quantitative and qualitative results of the study offered insight that most
of the participants looked at the students and parents as those who should be “fixed” by ability
grouping, more parental involvement, more motivation, et cetera. The implication is that more
research must take place to address the relationship between the understanding of teachers’
views and perceptions and the achievement gap (Ladson-Billings, 2000). More culturally
relevant teachings must be offered within schools—especially within schools where there is a
large percentage of White teachers who teach Black American children. In addition, a survey
given to teachers to determine those who understood culturally relevant pedagogy would have
added authenticity to this Bol and Berry’s (2005) study. They mentioned to improve community
education, however, no specific ways to improve community education were discussed, nor was
culturally relevant teaching discussed. A culturally diverse sample perhaps would have offered
an array of additional contributors to the achievement gap contrary to the dominant narrative of
the 14% African American students.
Bol and Berry (2005) also noted that not only are Black students behind their White peers
in mathematics but are also not taught according to the recommendations of the NCTM. This
lack of adherence may occur because of teachers’ low expectations and negative perceptions of
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their students. Teacher expectations are almost three times greater for White students than for
Black students (Berry, 2003), and Martin (2012) maintained that education policy reports over
the last 20 years have “…explicitly labeled Black children as mathematically illiterate” (p. 50)
due to teacher deficit ideologies. Their instructional practices reflect their beliefs with the
assignment of non-meaningful worksheets and mundane tasks that do not provoke mental
stimulation. These actions by teachers hinder Black students from realizing their mathematical
identity and create negative schooling experiences for these students (Jett, Stinson, & Williams,
2015).
As several discourses examine Black student achievement overall, data inform that focus
on Black male student achievement is very critical (Lewis, Simon, Uzzell, Horwitz, and
Casserly, 2010). Black males are the fastest growing group to commit suicide, contract HIV and
AIDS, and lead the country in homicides, as victims and offenders (Noguera, 2003). To add to
their plight, they enter the world at birth with the lowest probability of living more than one year
and realizing a shortened life expectancy after that. Focusing attention on this group (Black
males), in particular in the area of mathematics achievement may influence their social decisions
and motivate them to affect change for themselves and within their communities (Anyon, 2005;
Gutstein, 2006).
Black Male Student Achievement—The Dominant Narrative
Although the literature regarding Black male achievement in mathematics spanned across
all grade levels, and the findings and information can be beneficial to the reader, the researcher
will focus on mathematics achievement for Black middle school males as, “...persistent lower
performance is particularly evident among [these] males” (Mickelson & Greene, 2006, p.
34). According to Davis (2014), the group of Black students most at-risk for lower academic
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performance is Black middle school males. These students, ages 9 to 13, can find school
difficult due to the pressure of intensified focus on academic performance and the physical
changes that occur during this time (Yaffe, 2012). Black male middle school students are more
likely to a) consider dropping out of school, b) experience increased moments of low selfesteem, c) experience decreased moments of academic motivation, and, d) participate in
dishonest academic behavior (Tyler & Boelter, 2008). Mickelson and Greene (2006) posited
that the middle school is a critical link within the process of learning; and, it is important to note
that the achievement, race and gender gaps become distinguishable at the middle school level.
JKMS is ideal for research on Black male achievement in mathematics not only because it is a
middle school, but also because its Black male students make up more than 50% of the student
population.
Although Black males continue to narrow the achievement gap since 1990, they remain
ten percentage points behind their White counterparts. According to the Schott Foundation for
Public Education, (a philanthropic foundation committed to equity and justice within public
schools), in 2012 to 2013, the high school graduation rate of 70% or higher for White males in
the United States was 88%; while only 12% of Black males had a graduation rate of 70% and
higher (Schott Foundation for Public Education, n.d.). Black males’ suspension rates were even
more astounding during that period. Ninety-two percent of Black males experienced suspension
rates greater than 20%, and 8% of White males experienced less than 10%. Black males are also
more likely to be labeled as mentally challenged or identified as having some learning disability,
thus, more likely to be placed in special education programs (McGee & Pearman, 2014;
Noguera, 2012). According to Meiners (2011), suspensions and learning disabilities are
intertwined as students with disabilities are targeted for suspensions; and, in turn, these students
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are sent to alternative schools because they have been suspended numerous times or expelled.
Black males with these less than favorable statistics are more likely to enter the prison industrial
complex (PIC)—also known as the school to prison pipeline or movement—and that the bridge
between the PIC and the education system is not new (Meiners, 2007):
“…Haig Brown, in Resistance and Renewal (1988), charts how the First Nations
residential schooling movement in Canada trained aboriginal communities for low-wage
domestic labor…And Anderson, in The Education of Blacks in the South, 1860-1935
(1990), chronicles how public education prepared African Americans for low-wage
“Negro-jobs,” or underemployment…” (p. 31).Activists and historians continue to
document how schools continue to function as punitive institutions for specific
communities” (Meiners, 2007, p. 31).
Meiners (2007) preferred the term school to prison “nexus” to school to prison pipeline. The
pipeline illustrates a linear relationship whereas nexus depicts the “…historic, systemic, and
multifaceted” (p. 32) relationship between the education system and PIC.
Davis (2014) informed that the concern for the plight of Black males was so critical that
President Barack Obama initiated the Teach Campaign, a campaign designed to encourage more
Black male teachers particularly in the field of mathematics to create better academic
experiences for Black male students, grades P-12. The action taken by the President of the
United States showed that the Black male population continues to experience less than par
treatment when it comes to educational equity and equality. My Brother’s Keeper was another
policy initiative created by President Obama for the same purpose as the Teach Campaign, with
the additional intent to examine the factors that cause the negative social experiences for Black
male teenagers. The implication in these initiatives to petition more Black male teachers “…is a
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belief that African American men possess the needed pedagogies to radically transform the lives
of African American male students” (Brown, 2009, p. 417).
There is a body of research that supports the idea that more Black male teachers and
counselors would greatly benefit Black male students (Garibaldi, 1992; Klopfenstein, 2005).
Brown (2009) examined the pedagogical performance of the Black male teacher. He drew from
two conceptions of performance. The first referred to how physical displays of performance
such as facial expressions, language, and emotions showed within and outside of the classroom.
From the pedagogical standpoint, performance encompasses “…how teachers talk to students,
including day-to-day decision-making they employ to address any number of academic and/or
school-related issues” (p. 418). The second conception of performance was theoretical in nature
and observed performance as directed by the philosophies held about the Black male students
placed in their care and how they intellectualized the social and educational needs of Black
males.
A two-week study was conducted at a high school located in a Midwestern large
metropolitan city that comprised of a mostly Black American population with 95% of the
students listed as free and reduced lunch recipients. There were nine teacher participants, and all
were certified except for one (just a few credits away from certification) and had at least five
years of teaching experience. Eight of the nine had various prior work experiences that ranged
from corporate and non-profit to military service. The participant who was not yet certified was
the only one who chose the traditional route to teaching. Observational data of the participants
working with the students were written as ethnographic field notes. Observations made were
individual teachers in one-on-one, small group (2-3), and large group (more than five)
interactions with the students. Also noted were multiple teachers with a large number of
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students, teacher communication strategies, and student responses. These observations were
made throughout the normal school day as well as after school.
Brown (2009) applied the constant comparative method of analysis and identified three
significant themes or styles of teacher-to-student interaction: 1) “Enforcer”—seeks instant
enforcement of the defined classroom and school-wide expectations, 2) “Negotiator”—asks
questions, probes for answers and listens to students’ perspectives, and 3) “Playful”—exchanges
jokes, debate ideas and share personal experiences. The findings (presented as three vignettes)
illustrated that teachers engaged different performative strategies for working with Black
American male students. Some of the teachers believed that Black male students must obtain a
sharp sense of focus and discipline in order to succeed academically. Other teachers believed
that Black male students needed consistent time and space to socially interact and converse using
their own experiences. Finally, some teachers believed that the interaction of Black American
males with the teachers and with one another was “…an art of questioning and dialogue to help
students sort through the varied contexts that they may bring into the classroom” (p. 431).
The implications of this study were that there tends to be a policy and practitioner
practice to ascertain the “one” method to address the social and educational needs of Black male
students, and although the presence of Black male teachers in the lives of Black male students is
vital, caution must be exercised not to behold the Black male teacher as the “almighty one” or
role model. Also, to examine the relationship between the Black male teacher and the Black
male student, one must consider the multi-faceted nature of the Black male teachers—the
language, skill, and strategies used to reach the students. Studies such as this are necessary to
add a deeper understanding of how to build teacher-student relationships with an infusion of
culturally responsive pedagogy to increase Black male student achievement.
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Contrary to the abundance of research that examines the Black male in isolation of other
races, Butler (2013) argued that separating Black males from Black females and other males of
different races, places Black males at a disadvantage. He coined research that names Black
males as a distinct group, “Black male exceptionalism”. The article drew upon intersectionality,
a concept from critical race theory that makes people within a particular group vulnerable to
bias; yet, we are members of many groups and are complex human beings in that we experience
bias differently.
The purpose of the writing was to offer suggestions of how to assume projects that
address the race and discrimination that Black males encounter, but that does not identify them
as “…the racial standard bearers, obscure the problems of Black women, or advance patriarchal
values” (p. 486). The author cited the 1965 Moynihan Report, a memorandum of how the Black
male was the human unit who suffered societal disadvantages that in turn, “…seriously retards
the progress of the group [Black race] as a whole, and imposes a crushing burden on the Negro
male…” (p. 487). From this report, Butler (2013) presented a historical perspective with several
documents that thematically reinforced Black male exceptionalism. The four themes derived
from the report were 1) fixing Black male problems is a way to launch racial justice, 2) African
American women must assume partial responsibility for the subordination of African American
men, 3) Black male problems deserve more remedies than Black female problems, and 4) Black
men are more unfavorably affected by racism, discrimination, and White supremacy than Black
women.
Print space was dedicated to “The Crisis of the Black Male” in a 1983 special issue of
Ebony magazine—a magazine created to highlight the cultural and political progressiveness of
Black Americans (West, 2016). The magazine publisher, John J. Johnson asserted that the
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magazine received several letters that echoed the sentiment that Black males as a unit were in a
steady and fast downturn. The issue also offered data such as unemployment and infant
mortality rates commonly used to support the need for special interventions for Black men.
Butler (2013) named other print media and organizations that support Black male exceptionalism
including Newsweek and the National Association for the Advancement of Colored People
(NAACP)—with very few programs or initiatives in place for Black women. A valid question
was noted here: Why are most of the programs for Black females funded by Black women’s
organizations while programs for Black males are heavily funded by government or
philanthropic offerings. The recommendations were that resources be divided equally between
Black males and Black females; the Black male exceptionalism narrative must be laid to rest;
and, interventions for Black males must be closely guided to eliminate any suggestion of antifemale belief.
Although Butler (2013) upheld the idea that Black male exceptionalism is not a solution
to the plight of Black males, Nasir, Snyder, Shah, and Ross (2013) argued that racism in the
school experiences of Black males exists and affects their social and academic identities. The
scholars believe that race, racism, and learning are intertwined and that it is imperative to
understand the relationship. Nasir et al. (2013) informed that there are three processes to assist
in the understanding of race, racism, and learning: 1) racial narratives are prevalent in our
societal discourse, 2) racial narratives are critical in schooling, and help to shape student racial
and academic socialization; and, 3) racial narratives create identities and influence engagement
and learning in school settings.
Bradford, Terrell, David, and Arthur, all ninth graders, were able to conceptualize and
identify racial narratives within their high schools. Bradford defined racial narrative as the basis
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for how Black males are stereotyped, and how they must navigate schooling rarely able to freely
express or display their own identity—in sharp contrast to their Asian and White peers. On two
noted occasions, Bradford experienced what he believed to be prejudice displayed by teachers.
Once he worked with a White male partner, turned in the same work with the partner receiving
an “A” and Bradford receiving a “C”. On the second occasion, Bradford was initially denied
acceptance into an Advanced Placement (AP) course, but with much persuasion was granted the
opportunity to take the course.
Terrell pointed out the “thug or criminal” stereotype and added that the Black male as the
object of this stereotype may be “…the most intelligent man you’ve ever met” (p. 289). David
added that there is an expectation of the Black male to do wrong or to make mistakes, but that
the same expectation is not given to the Asian male. Arthur shared an example that if he raises
his hand and a White or Asian student raises his hand, the teacher will call on the White or Asian
student for fear of the Black student saying something inappropriate or not in line with the lesson
or discussion. Hughes, Johnson, Smith, Rodriguez, Stevenson, and Spicer (2006) defined “…the
ways in which society, parents, peers, and others convey information about norms and values
about race and ethnicity to children” (p. 290) as racial socialization. The boys demonstrated this
awareness in their articulation of racial narratives and how the narratives affected their identities
within the schooling context.
In addition to race, racism, and learning, the schooling experiences (Allen, 2010; Jett,
2009) overall of Black males have isolated many of them from the process of academic success
due to differences between school culture and Black American culture (Allen, 2010; Pine &
Hilliard, 1990). This has placed many of these students at greater risk not to realize and embrace
their innate intelligence (Noguera, 2003). The educational marginalization of Black students
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must be addressed so that this sub-group of students has access to the civil right to quality
education.
Pine and Hilliard (1990) reminded us that although Black American students have
achieved progress in academic advancement and opportunity, “[America] is not yet a pluralistic
society—a place where all racial and cultural groups share equal access to opportunities for
quality lives and power over their own lives” (p. 594). To address society’s lack of diversity, in
part, in 2008, over 50 proposals for articles on Black male achievement were submitted for
review and publication in an issue of The Journal. The articles were to help the reader “gain
more clarity and perspective” (Toldson et al., 2009, p. 196) on issues and concerns for which
upcoming articles would address. This influx of writings from some of the country’s most
prominent intellectuals came on the heels of prior discussions and forums that addressed
political, social, economic and educational challenges of Black males.
Black Male Student Achievement—The Counter-Narrative
Although there are innumerable dialogues and research studies that highlight low
academic achievement among Black males, there is also a body of scholars who highlight the
academic success stories of these students as well. Berry (2008) examined the narratives of eight
Black middle school boys (and their parents) who experienced success in mathematics—success
here means that one has taken Algebra 1 in middle school. The purpose of the study was to
investigate how the boys persevered in school mathematics. The research questions that guided
the study were 1) What factors do African American middle school boys enrolled in Algebra I
encounter when trying to gain access to high-level mathematics courses? 2) How do African
American middle school boys enrolled in Algebra 1 compensate or overcome those factors that
could potentially delimit access to high-level mathematics courses?
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Each of the males in the study possessed one or more of the following nine factors that
contribute to Black male success in mathematics: 1) positive relationships with caring teachers,
2) prior exposure to higher mathematics, 3) standards-based instructional practices, 4) positive
academic and peer relationships, 5) positive self-image toward school and mathematics, 6) a
countering of negative images of Black American males, 7) support from adults in their lives, 8)
positive role models and, 9) racialized experiences1 (McGee, 2013; McGee & Pearman, 2015;
Noble & Morton, 2013; Thompson & Lewis, 2005; Thompson & Davis, 2013). It is important to
note that these factors are not exclusive to Black males, but are primarily drawn upon in
research.
Berry (2008) used a critical race theory (CRT) theoretical framework and the method of
phenomenology to present a deeper understanding of the experiences Black American middle
school boys encounter when trying to gain access to high-level mathematics courses. The CRT
framework was appropriate because it enabled the scrutiny of the complexities of the
mathematical experiences of Black American males under a lens of social justice and equity.
The five elements that form the framework’s prototype are 1) race and racism are central and
their interaction with other forms of subordination, 2) counter the dominant narrative, 3)
committed to social justice, 4) experiential knowledge is central, and, 5) a transdisciplinary
perspective. The methodological framework of phenomenology was appropriately joined with
CRT in this study as it “recognizes understanding one’s subjective interpretation of individuals’
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Martin (2006) defined racialized experiences “…as experiences where race and meanings constructed

around race become highly salient” (p. 198).
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lived experiences” (p. 469); and, due to the dominant narrative of academic failure for Black
males, success can be seemingly a phenomenon.
The participants were eight Black middle school males and their parents. The boys were
enrolled in Algebra 1 and were selected from a southeast precollege program’s database that
included approximately 1000 students in 12 middle schools and seven high schools. Four middle
schools from the same school district were selected for the study. The schools were
approximately 55% African American, 25% White, 14% Latino, and 2% Asian, and the rest
considered “other”. The number of students enrolled in Algebra 1 at each of the four schools
was 42, 40, 41, and 38 with five, two, four, and four Black males respectively. Also invited to
participate in the study was a mathematics teacher from each of the middle schools who taught
Algebra 1 to at least two of the boys. It is necessary to mention that all except one of the boys
participated in supplementary mathematics learning opportunities outside of school.
Although the interview is the most common means of data collection, Berry (2008)
utilized a questionnaire, students’ mathematics autobiographies, parent interviews, teacher
interviews, document review, and observations. A qualitative computer software program (Atlas
TI) was used to manage the data, and from this management emerged themes that were used to
describe the experiences of the participants. The findings were stated under each theme: 1)
early educational experiences—seven of the eight boys felt successful in elementary school due
to parents who reiterated the importance of education. These boys knew their multiplication
tables earlier than their classmates and were presented challenging assignments above their grade
level; 2) recognition of abilities and how recognition was achieved—five of the eight boys were
placed in gifted classes in the fourth grade. Four of those five were not recognized by their
teachers as gifted and experienced individual discrimination through school policies that did not
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acknowledge their intelligence. The three boys who were not identified as gifted, experienced
resistance toward access to the accelerated track and were recognized for negative behavior
rather than academic success. Without the support of parents and other adults, these students
would have ended up in general education classes and perhaps would have missed the
opportunities to enroll in higher mathematics classes in high school; 2) talented and gifted—
families were the foundations of success for these boys with a strong awareness of gender and
race constantly reinforced; 3) support systems—parents acted as resources for mathematical
knowledge, models of success, and beyond the parents; 4) positive mathematical and academic
identity—seven of the boys had positive mathematical and academic identities (motivated to
succeed, expressed strong beliefs in their mathematical ability, engaged in positive self-image,
and identified a teacher who demonstrated care). Only one boy did not voice mathematics as his
favorite subject, but still maintained high grades in mathematics and understood its importance in
his daily life and beyond, and 5) alternative identities—seven of the boys were involved in
special after-school programs that promoted higher learning in science and mathematics; placed
importance on spirituality and attended church regularly; and, routinely participated in sporting
activities.
The implication of Berry’s (2008) study was that an increase of program opportunities, an
examination of educator policies and practices, and a public conscious awareness of African
American boys’ school experiences in mathematics may increase the opportunities of success in
school mathematics for more African American males. Hegedus, Dalton, and Tapper (2015)
added that high school algebra is a critical indicator of college success. However, student
chances of accessing higher-level mathematics courses in high school are often determined by
their performance in middle school mathematics (Berry, 2008), and they are frequently subject to
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low expectations from their mathematics teachers in particular (Berry, 2003). Within the middle
school, more attention is given by mathematics educators to ensure that students have a
conceptual understanding of algebra. If a child receives the opportunity to enroll in Algebra 1 in
middle school, he or she is more likely to be afforded the opportunity to enroll in mathematics
courses after Algebra 1 (Berry, 2008; Stinson, 2004).
Ford and Moore (2013) also highlighted academic success among Black males with
attention given to the underestimated population of gifted and high-performing Black males who
perform below their potential. The purpose of the article was to highlight the underperformance
and under-estimated Black male students by examining why Black male students do not achieve
akin to their White male counterparts and was framed by the following premises: 1) poor
achievement among high-ability Black American males can be reversed, 2) talents and gifts exist
in all racial, cultural, gender, and socioeconomic groups, 3) gifted and high-potential Black
American males’ low achievement is often a function of what takes place in schools relative to
attitudes, policies and practices, 4) the term “urban” assumes negative connotations and low
expectations; and, 5) educators must adopt and practice policies of social justice or civil rights to
ensure that highly-potential Black male students receive the education to which they have the
right to partake.
To gain a deeper understanding of why Black male students are not up to par with White
male students, three major topics were examined: 1) low achievement, 2) underachievement and
3) the achievement gap. There is a fine line between low achievers and underachievers, but the
two terms are not equal. Low achievers fall below the average score in a traditional public
school setting—the “C” average, or the national percentile of 50%. However, their school
grades or standardized test percentile scores do not account for academic ability. The
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underachiever may score above the average school grade but has the potential to perform much
higher. Normally, teachers or families of these students state that they have the potential to do
much better. The ending question is what can be done to increase their scores?
The third main topic, the achievement gap, highlights the difference in performance
between Black and White students with the idea that the difference should never be significant.
One race or group is not intellectually superior to the other; therefore, that national data inform
that Black students are academically four years behind White students in reading and
mathematics (especially for Black male students in metropolitan areas) is a grave problem that
deserves attention and action.
Ford and Moore (2013) also discussed the following external and internal factors that
influence the academic performance of Black males and contribute to their underachievement.
The internal factors were 1) social—these factors focus on racism, biases, prejudice, and
discrimination and are the most significant. They are comprised of deficit thinking, stereotypical
thinking, low expectations, and denial of entry into gatekeeping courses; 2) culture and family—
family, communities, and peers play a significant role in the lives of high-achieving Black males.
When education is supported within these groups, students tend to rise up to their potential; but,
when education is not at the forefront in the familial spaces, students tend to become
underachievers; and, 3) school—teacher understanding of culturally relevant pedagogy (Gay,
2000; Ladson-Billings, 2000), poor teacher quality and limited resources contribute significantly
to underperformance of Black male students. The internal factors were personality, motivation,
self-perception, achievement, and affiliation.
Ford and Moore (2013) listed 16 variables documented by Barton and Coley (2009) that
contribute to the achievement gap and that metropolitan educators must carefully consider
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narrowing the gap. The variables are curriculum rigor, teacher preparation, teacher experience,
teacher absence and turnover, class size, instructional technology, fear and safety, parent-student
ratio, parent participation, student mobility, talking and reading, excessive television watching,
summer achievement gains/loss, hunger and nutrition, low birth weight, and environmental
damage. Recommendations at the end of this article were continuous design of prevention and
intervention strategies that directly address the factors that contribute to the achievement gap; a
deliberate move toward school policies to take on a social justice approach to ensure a “…free,
appropriate, equitable, and culturally responsive education” (p. 411) for all students, and finally,
continuous instruction of culturally relevant and responsive pedagogy for pre- and in-service
teachers to prepare them to teach Black American males in particular, but all students regardless
of race or gender.
Academic failure, high school dropout rates, low graduation rates, low test scores, low
grade point averages, underrepresentation in talented and gifted (TAG) or advanced placement
(AP) courses, high participation rates in special education classes, low motivation and low
engagement were labeled as consequences of innumerable factors that contribute to the current
outcomes. Although daunting, the outcomes of poor achievement among high ability Black
males can be reversed if educators assume implementation of social justice and civil rights plans,
and engage in discourse that works to change attitudes and policies within schools.
Suggestions to Address the Problem of Low Black Male Student Achievement
To address Black male achievement in mathematics, Milner (2007) added that teachers
must be held accountable at a higher level. He advised that teachers must first critically examine
their perceptions of these students before they can teach them. They must then commit to
helping students realize their potential—no excuses—and believe that their black male youths

32

can be academically successful. There is no room for mediocrity in working through the
challenges faced each day in a classroom. He believed that teachers and students must (1)
envision life beyond their present situation, (2) come to know themselves in relation to others,
(3) speak possibility and not destruction, (4) care and demonstrate that care, and (5) change their
thinking to change their actions.
Teachers must also make the effort to understand the culture of Black males, their
interests and how they learn (Berry, 2004; Gay, 2002; Irvine, 1999; Ladson-Billings,
1997). Boykin (1986) posited the term “verve” to explain how Black students learn. Verve is
defined as “…the propensity for energetic, intense, stylistic body language and expression”
(Carter et al., 2008, p. 30). Although there is limited research that states that there is the
interaction between verve and increased academic achievement among Black students, it is
considered to be a part of the Black student’s learning style (Carter et al., 2008). Understanding
learning style is an effort toward understanding a child’s culture and an effort to engage the child
in learning.
Engagement in the education realm signifies that a student is an active participant in the
schooling experience—puts forth effort in class, participates in discussions, completes
assignments et cetera (Johnson, Crosnoe, & Elder 2001). Bracey (2013) maintained that
“Technology can be used to increase Black students’ engagement and motivation to persist” (p.
191), and that there is no one definition of engagement, as it consists of several different factors
that must be considered. Engagement can be viewed as a meta-construct using the following
definitions: 1) affective engagement—the emotional reaction to the learning context, including
the people and academic experiences within that environment, 2) behavioral engagement—the
level of participation in the social and extracurricular activities offered by the school or learning
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institution, and 3) cognitive engagement—students’ willingness to invest the time and attention
needed to master complex concepts (p.178). Beeland (2002) stated that student engagement is
imperative to student motivation during the learning process and that the more students are
engaged in an activity, the more they will realize expected learning outcomes.
Although technology is defined by Harvey-Buschel (2009) as “Interactions, exchanges,
and relationships among machines and users of computers and associated devices and
applications” (p. 11), technology for this study is the interaction between a person and software
using a device, such as, a laptop, iPad, or desktop. All sixth-grade study participants interacted
with Redbird using a laptop, desktop, iPad, or cellphone. The use of a cell phone was not
recommended but was sometimes permitted when there were no alternate means to access
Redbird.
According to Berry (2004), struggling students need more learning opportunities and
resources to achieve success in mathematics. Boykin (1978) added that “…Black children are
bored primarily because school is relatively unstimulating, constraining, and monotonous
place…” (p. 347). Finally, Noguera (2012), added to the discourse of supporting Black males
that educators are becoming more aware that the most effective way to deter many of the
academic and social challenges faced by Black males is early intervention within schools. There
is a growing body of research that has examined gender-based education, and many schools
across the nation have embraced the idea that Black male students perform best academically
when teaching and learning occur in gender-specific spaces. Noguera (2012) also posited that
there is a critical need to offer a personalized learning environment for Black males that supports
early intervention for these students.
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Personalized and Adaptive Learning
As stated in the Principles and Standards for School Mathematics (National Council of
Teachers of Mathematics, 2017) “Technology is essential in teaching and learning mathematics;
it influences the mathematics that is taught and enhances students’ learning” (National Council
of Teachers of Mathematics, 2017). To comply with the directive of the NCTM, and to help
improve mathematics skills and increase mathematical proficiency for students, many school
districts across the nation have implemented technology through the use of personalized
learning. Personalized learning is an umbrella term to accommodate and address student
learning styles (Yang, Hwang, & Yang, 2013). An adaptive learning system describes the
arrangement of learning pathways that support student learning styles. There is a body of
research that discusses how a personalized learning environment affects cognition. However,
there is a limited but growing body of research that discusses the cognitive state of Black male
students and their interaction with a personalized learning environment (Baker, D’Mello,
Rodrigo, & Graesser, 2010).
Walkington, Sherman, and Howell (2014) conducted an experiment that examined
students’ out-of-school interests and hobbies to personalize linear function problems based on
these interests and hobbies. The experiment (presented as an introduction to the article)
consisted of 141 participants who were divided into two groups—one group was given algebra
word problems from the text, and the other group was given word problems that aligned with
their interests. The students who received word problems according to their interests performed
better and learned faster than the control group. In addition, four units later, the intervention
group continued to perform better on more difficult and non-personalized problems. It is
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important to note that the experiment did not offer the demographics or grade levels of its
participants. One can assume that they were in the ninth grade from the context of the article,
but it was not explicitly stated. The research questions were 1) Why is personalizing of students’
interests so effective, and 2) How can teachers begin to implement this approach in their
classrooms? Two examples of personalization were offered—the use of simple word problems
and video games. A simple word problem (an assembly line can produce 13 cars every hour) can
be used along with a request to write an expression or solve for how many cars can be produced
in a certain number of hours. These problems can be altered to go along with students’ interests.
To personalize learning with the use of video games, one can observe the increase or decrease in
difficulty level. If the difficulty level of a video game increases, so does the player’s amount of
experience with the game. Thus, the player will begin to pursue more challenging tasks to keep
up with the progression. The player can then provide data on how he has progressed through the
levels which increase mathematical thinking.
Walkington et al. (2014) also offered two reasons why personalized learning is effective:
1) personalized problems can activate student interest which leads to increased focus and
learnings, and 2) personalized problems can bridge prior knowledge and understanding to a
deeper understanding of algebraic concepts—a concept called grounding where abstract concepts
become more concrete when linked to prior knowledge (Goldstone & Son, 2005). In an
extended study from the aforementioned experiment, the researchers interviewed high school
students from among four schools about their out-of-school interests and how those interests
related to algebra. The main areas discussed in the interviews were sports, video games, social
networking, and part-time jobs. In each of those areas the interviewee discussed numbers,
quantities and change. In summary the main concept of algebra, relationships between quantities
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in some form, are intertwined within students’ daily lives, and it is pertinent for teachers to
capitalize on these everyday experiences to make algebra more meaningful. The
recommendations for implementing personalized learning within the classroom were a) converse
with students about their out-of-school interests, b) personalize new and difficult concepts, c) use
most common student interests when using whole-group instruction, d) use personalization as an
intervention for struggling students, and e) stay updated on learning and instructional
technologies. The implication is that students enter mathematics classrooms with a wealth of
experiences and cultural capital. Teachers can use these resources to increase mathematics
achievement.
With the hopes of gaining more information regarding personalized learning, Kim (2010)
examined the effects of disruptive behavior and how managing behavior can increase overall
student achievement in mathematics. The purpose of the study was to offer a detailed method to
improve mathematics achievement of academically struggling students with disruptive behavior
in a metropolitan school. Eighty-seven (49 males and 38 females) seventh-grade participants
were selected from among three metropolitan middle schools and who participated in the local
Gaining Early Awareness and Readiness for Undergraduate Programs (GEARUP), a partnership
that serves 11 K-8 schools that have the lowest achievement scores and the highest poverty rates
in the district. The Mathematics Enhancement Group (MEG) was a program formed within
GEARUP and was designed to support underachievers in mathematics by removing the students
who constantly disrupted the classroom environment, but who had a high potential to improve
their mathematics skills and ability. Each participant was enrolled in a seventh-grade
mathematics course and was 13-15 years of age. The criteria to participate were to have the
potential to improve in mathematics and to have been cited for disruptive classroom behavior.
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The indicator of achievement was the state-wide proficiency test scores in mathematics given to
students each May. The pencil and paper test consisted mostly of multiple-choice items with a
few constructed response questions. A score of 75% was considered proficient.
The researcher observed three different seventh-grade mathematics classes from the
selected schools. Each observation period lasted from 45 minutes to one hour. Each of the three
teacher participants approached teaching with the traditional lecture. After the lecture, the
teacher answered questions about homework and walked around to assist struggling students as
others worked to complete worksheets related to the day’s lesson—unfinished worksheets were
assigned as homework.
Qualitative (observations and interviews) and quantitative (descriptive statistics and
multivariate analysis of variance (MANOVA)) data collection methods were used to collect and
gather data. The MEG “pull out” group consisted of seven students recommended by their
teachers to participate in the study. The students were first given a diagnostic test and then data
talks were held with each student to discuss the diagnostic test results. Students were not
permitted to sit with one another to prevent interaction. Students were required to have textbook,
paper, calculators, and pencils each day and had to read the text for at least 20 minutes. Students
completed practice activities from the text and exercises at their own pace with no intervention—
this replaced the lecture. The expectation was that since students were able to work at their own
pace to understand concepts, they would perform better in mathematics. Students were allowed
to ask questions only if they were undoubtedly unable to solve problems. At the end of a
chapter, students took a chapter test, and the teacher offered direct instruction of the content
based on the test results.
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The results of the study were that the treatment group’s proficiency test scores increased
from 0% to 16.7%. The percentage of students at or above proficient in the control group
decreased from 30% to 14.8%, and the percentage of students at or above proficient in the
district decreased from 46.3% to 38.7%. In addition, study habits improved and behavior issues
decreased among the students in the treatment group. The implication of the study was that
students must be granted the opportunities for “...someone to show them how to effectively
learn” (p. 68). Also, the personalized study gave the opportunity for students to have ample time
to understand mathematical concepts at their own pace.
Realizing similar results, Corey and Bower (2005) conducted a case study with a ninthgrade Black male, named Fred. Fred considered math boring, irrelevant and difficult. He often
felt that his previous math teachers made him feel less intelligent when he asked questions
during class, which made him uncomfortable as he was sometimes the only Black student in the
class. His ninth grade teacher was a White female with eight years of experience as a
teacher. Her algebra class was made up of 24 students (6 Black, 17 White, and 1 Hispanic). A
typical 50-minute class included homework discussion, an introduction to the day’s content and
problem-solving. She mostly used an overhead projector during instruction and taught her
students in the traditional manner. For the purpose of the case study, Fred’s classroom time was
replaced with computer time in the media center each day for a six-week period. Using
computer conferencing and the internet, Fred had access to various web sites, a message board,
online calculator, online textbook, and an online tutor. After observations and interviews, it was
found that computer learning was quite helpful to Fred. He felt that he had time to complete
assignments and that he was not given the opportunity to learn in the traditional classroom. He
enjoyed working on the computer because he could work at his pace and his comfort level
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increased. A personalized learning environment may offer an effective and more suitable
approach to accommodate the learning styles of Black males versus the traditional classroom
setting.
As algebra is known as a gatekeeper to higher mathematics courses, it is imperative to
make all attempts to ensure that middle school students—sixth-grade students in particular—
have a solid foundation in understanding algebraic concepts (Berry, 2008). Hegedus et al., 2015
added that successful completion of Algebra 2 relates significantly to college success and
graduation rates of minority students and students with low socioeconomic status.
Hegedus et al., 2015 conducted two large studies to investigate factors that impact the
effectiveness of instructional software on student learning in the classroom. These studies were
conducted in response to a call for high-grade research by the National Mathematics Advisory
Panel (NMAP) in 2008, and to the ongoing commitment of the United States Department of
Education to encourage an increase of enrollment in higher mathematics courses and STEM
careers. The research questions were 1) Can the SimCalc system of integrated representationally
rich software, connectivity hardware, and technology-enhanced curriculum lead to significant
student learning gains in contrast to existing learning environments?, and 2) If observed, can
such learning gains be sustained when duplicated a second time?
The research took place within seven Southeast Massachusetts high schools in several
sections of Algebra 2 over the span of two years. A cluster-randomized trial with 606 student
participants was used to examine the first research question in the first year of the study.
According to Reich, Myers, Obeng, Milstone, and Perl (2012), these trials are used to assess the
effectiveness of interventions when the samples are large or when individual randomization is
not feasible. In the study presented by Hegedus et al., 2015 there were 30 clusters (classrooms)
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with approximately 25 students in each cluster. A quasi-experimental design was adapted to
execute a replication study of 293 student participants and was used to examine the second
research question. The decision to replicate the study was made largely due to changes in school
administration and loss of participating schools. As part of the study design, there was a pair of
clusters at each school with a coin tossed to determine which class would be the intervention and
which would be the control. In Year 2, the participating classes decreased with only eight
intervention classes and nine control group classes. It is important to note that the teachers were
rewarded with stipends—intervention group teachers received $750 for each class section and
control group teachers received $250 for each class section.
Six districts participated in the first study, and four participated in the second study.
During Year 1, each district had two intervention classes and two control classes. The control
groups used the district-adopted curriculum and materials while the intervention groups used the
SimCalc system of integrated technology that allowed students to “…create, manipulate, and run
a simulation of a mathematical function” (p. 205). The system also utilized wireless networks
through which students could send their functions to the teacher, share with the class,
collaboratively compare and contrast creations, and discover countless mathematical
representations. The same students in Year 2 were not the same students from Year 1.
A 19-item content test worth 22 points comprised of properties, representations, and
patterns of quadratic and exponential functions was the primary instrument used to evaluate the
effectiveness of the intervention. The results were statistically significant that the technology
integrated classes increased learning gains. Although there was increase student achievement
among both the intervention and control groups, the increase was higher within the intervention
classes in Years 1 and 2. The implications of the study are that perhaps more attention should be
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focused on the types of technology used in the classroom for mathematics learning. SimCalc
seemed to benefit students in mathematics learning with the use of various manipulatives and
ways to make mathematics “come to life.” Students were also given autonomy to take control of
their own learning.
Nwaogu (2012) inspected the effect of the intelligent tutoring system (ITS), ALEKS
(Assessment and LEarning in Knowledge Spaces) on mathematics achievement in an online
learning environment. The cognitive complexity of the pre- and post-assessments of the learning
system was also addressed in the study. The research questions for the study were 1) What are
the factors contributing to students’ mathematics achievement in using the ALEKS? 2) What is
the cognitive complexity of mathematical tasks enacted by ALEKS on the pretest and posttest
assessments? The theoretical framework for the study was Knowledge Space Theory (Falmagne,
Cosyn, Doignon, & Thiery, 2004) aforementioned in this study. The purpose to use KST as a
frame was to explain how to expose the knowledge structures and achievement in mathematics.
The book entitle, Depth of Knowledge (Webb, 1997) was used to guide the data analysis of the
cognitive complexity of the ALEKS’ pre- and post-assessments. There are four levels of DOK:
a) Level 1—Recall, b) Level 2—Basic application of skills and concept, c) Level 3—Strategic
thinking, and d) Level 4—Extended thinking (Nwaogu, 2012; Webb, 2002). These levels were
used to link the assessment items to the standard intent and the student demonstration of
knowledge.
The 80 participants for the quasi-experimental study were undergraduate students who
were enrolled in the College Mathematics I course. Although undergraduate and middle school
learning levels are very different, Nwaogu’s (2012) study offered insight into how an adaptive
learning software impacted learning. The course was a five-week session course that spanned
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over a seven-month period. This population of students was chosen based on the premise that
many undergraduate students in online mathematics courses withdraw or perform poorly. The
researcher’s role was to facilitate the online class with discussion posts, individual grading,
collaborative assignments, and feedback to the students. All reports and assessments were
graded by ALEKS, and all assessment and tutoring activities were conducted within the ALEKS
software. Data analysis methods used were t-test, correctional analysis, simple regression
analysis, multiple regression analysis, Cronbach’s Alpha reliability test and Webb’s depth of
knowledge model. After data were screened and vetted, there were 56 participants who took the
pre- and post-assessments. The results of the study showed no significance between the
intervention time and the weekly quiz scores, final concept mastery levels, or post-assessment
scores. However, there was a significant relationship between ALEKS time and post-assessment
scores. In addition, students with a higher concept mastery score achieved at a higher level on
the quizzes (Nwaogu, 2012).
It is important to note that personalized learning begins with the learner and that he or she
takes a proactive role and shares the responsibility for his or her learning (Personalize Learning,
2012). As Noguera (2003) insisted, educators and policymakers must discover new ways to
build on current academic achievement success models. Jett, Stinson, and Williams (2015)
added that to engage the academic and mathematical promise of Black male students will support
mathematics learning of all students and create mathematical communities within their
classrooms. The effort to investigate Redbird and its effect on academic achievement is a step
in the right direction.
Educators have tried a myriad of strategies to increase academic achievement in
mathematics for Black males related to their learning styles. Although some have been
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successful to a degree, the academic performance level of these students is still under par
compared to other groups of students. Personalized learning meets individual student needs with
curriculum, pedagogy, and learning environments tailored to the individualized ways in which
they learn (DreamBox Learning, 2016). Redbird is an attempt to increase mathematics
achievement by allowing students to work at paces comfortable for them so that true learning
occurs.
Redbird Mathematics
Professor Patrick Suppes of Stanford University predicted back in 1966 that computerbased learning would “change the face of education in a very short time” (Albert et al., p. 479).
His prediction appeared valid as he began a research project entitled the Educational Program for
Gifted Youth (EPGY). Its purpose was to create state-of-the-art courses in language arts,
science, and mathematics that offered support to these gifted students. Since its beginning 24
years ago, EPGY has served over 1 million students, and the Stanford legacy for achievement
continues. Redbird Advanced Learning (RAL) was chosen by the university to further advance
EPGY’s adaptive learning personalized programs by customizing its already successful computer
programs to support students of all abilities with adaptive learning programs
(http://redbirdlearning.com). Redbird continues the legacy of Stanford’s 25-year longevity of
research in personalized learning and compliments this study with its vision and intent for
improved student achievement in mathematics.
Redbird has a dual purpose: 1) to perform as an accelerated program for talented and
gifted students; and, 2) to perform as an instructional supplement “…for students from lowincome backgrounds in schools receiving Title I support” (Metropolitan Center for Research on
Equity and the Transformation of Schools, 2014, p. 2). The software integrates science,
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technology, engineering, and mathematics (STEM) themes and digital project-based learning
within its frame of adaptive and personalized learning. Once a student completes the course
placement activity, Redbird designs a program of study based on the diagnostic results. Each unit
comprises lessons that construct conceptual understanding using a variety of instructional
methods, such as videos, digital tools, animation, and guided instruction. Students then apply
what they have learned through word problems, games and practice items. These activities allow
them to make connections between mathematics and real-world applications. Students who
comprehend mathematical concepts quickly are permitted to progress to more advanced
concepts; and, students who struggle are allotted additional time and support to ensure that they
master the same mathematical concepts (Steinhardt, 2014). Redbird served as a predominantly
support instrument in this study, with 23 of the 30 participants below grade level, and seven
participants at grade level.
Redbird Mathematics offers the following: a) personalized learning for students, b)
content practice at grade-level, c) remediation for student understanding gaps, d) high-stakes
assessment preparation, e) continuous STEM study, and, f) a rigorous curriculum for advanced
students. The program attributes that assist with the above features are, a) on-demand
instruction, b) mathematical games that reinforce concepts and offer practice to improve fluency,
c) acceleration to right-level mathematics content, d) adaptive to deliver additional practice and
instruction when students struggle, and, e) offers multiple modalities of instruction. In addition
to features that support personalized learning, Redbird Learning may offer the needed support to
Black males that can help improve their mathematical proficiency. Increased mathematical
proficiency will prepare them for upward achievement in future mathematics courses, which in
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turn will increase their opportunities to succeed beyond high school and college (Berry, 2008;
Berry, Thunder, & McClain, 2011).
The adaptive learning aspect of Redbird offers students real-time instruction according to
their needs. “Real-time evaluation of student behavior against historical outcomes enables the
system to tailor the education experience for each user predictively delivering the most
appropriate learning curriculum to enhance understanding, accelerate learning and achieve
mastery” (http://redbirdlearning.com). Redbird adapts in three ways: 1) items provide varying
levels of instructional scaffolding that depend on student input, 2) problem sets expand or
contract depending on how much practice student needs, and 3) Learning Pathway adapts to
accelerate, instruct, or remediate students in response to their keystrokes. Redbird also
guarantees that students will progress quickly to their zone of proximal development (ZPD),
which occurs when the social interaction transpires between a student and a more knowledgeable
individual in a particular subject matter, for example, mathematics learning (John-Steiner, 1996;
Lee, 2015; Vygotsky, 1978).
Once they are in their ZPD, each item provides rigorous, instruction scaffolding. If the
students answer several questions incorrectly, Redbird expands its item set to more similar
practice problems. If the students continue to answer questions incorrectly, they receive the
instruction of the content. If the students still continue to answer questions incorrectly, they
receive more instruction on the same topic, but in a different way, and they return to the item
sets. If students are still having difficulty, they will receive items from a prior lesson in the
current grade level or a previous grade level.
Challenges of Implementation of Personalized Learning in the Classroom. One
challenge implementing personalized learning into the classroom is that students still prefer
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assistance from the teacher instead of an online tutor (Kendricks, 2011). This need of one-onone attention stems from their desire for personal contact and interaction, daily conversations and
the need for affirmation that someone believes in their ability to become successful in
mathematics. Responding appropriately to this need is challenging because many Black male
students attend schools with higher student-teacher ratios which make it difficult for one teacher
to give the desired attention to usually over 20 students (Goldsmith, 2004). This challenge to
implement personalized learning, coupled with the fact that often an entire class is in need of
remedial attention (Ravenel et al. 2014) can be extremely burdensome to a teacher.
Next, funding for technological devices is another challenge to implement personalized
instruction in the classroom. As stated in the Principles and Standards for School Mathematics
(National C2006ouncil of Teachers of Mathematics, 2017), “Technology is essential in teaching
and learning mathematics; it influences the mathematics that is taught and enhances students’
learning”. Although the Principles and Standards for School Mathematics argue that technology
is essential to instruction, funding for technological devices has been an issue for some school
districts (Drickey, 2006; Ravenel et al., 2014).
Another factor that can make the technological implementation of personalized learning
difficult is the lack of support from administration. Professional development must be offered to
teachers so that efforts to create a personalized learning environment will be successful for all
parties involved—students, teachers, and administrators (Beetham & Sharpe, 2013; Drickey,
2006). A school will realize the successful implementation of technology if its leadership can
lead. Good leadership listens and hears the desires of its teachers and supports them. This type
of leadership has a significant influence on the implementation process (Berrett, Murphy, &
Sullivan, 2012).
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Drickey (2006) added the following factors that may make technological implementation
of personalized learning difficult: 1) cost of purchasing and updating equipment, 2) lack of
student access to computers, and 3) lack of professional development for teachers to become
comfortable with using technology. Accompanied by these factors is the challenge to understand
the multifaceted dynamic of the teaching profession. Teachers have varying teaching styles,
instructional strategies, classroom experiences, and depth of content knowledge. Conversely,
students have varying learning styles, critical thinking skills, academic abilities and perceptions
of mathematics. With these interrelated factors, it can be difficult to adapt personalized learning
activities into a classroom and realize accurate results of student achievement. Computer lab
scheduling and short intervention length are also areas of concern. Other challenges observed
are class schedules, appropriate use of online lectures/homework, and software literacy
(Kendricks, 2011).
Benefits of Personalized Learning in the Classroom. Although there are challenges to
the implementation of personalized learning, there are benefits that parallel the
challenges. Kendricks (2011) conducted a study at an Ohio historically Black college, built in
the late 1800s, to examine the development and implementation of a balanced learning
environment for a computer-based algebra class. This examination would help determine if
personalized learning helped students do better in future college mathematics courses. The
campus was 95% Black with approximately 20% of those students majoring in a STEM
field. The participants were a part of a retention program for freshman biology and chemistry
majors called Just Undergraduate Mentoring Program (JUMP). They had to conquer algebra,
English, biology, and chemistry—affectionately known on campus as the “killer” courses due to
the high percentage of failure/drop rates for these courses. Twice a week, students who were
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enrolled in an algebra course attended a class that combined, a) blended instruction—traditional
and online lectures, b) online homework—seven weekly online assignments with 35 to 50
problems given across two to three chapters, and, c) mandatory tutoring—a student who made a
“D” or “F” on any assessment had to meet with a tutor 2-4 hours per week until the next
assessment. Seventy-five percent of the students passed the algebra course with a “C” or
higher. The study found that the result was due to a high number of completed online homework
assignments and mandatory tutoring hours. Before the study, the passing rate of a remedial
algebra course was below 50%. Since 2007 the achievement rate in the algebra course has
increased by 12%.
From the study, Kendricks (2011) noted several benefits of personalized learning: 1)
small class size, 2) learning community, 3) professional development workshops and 4)
cooperative learning. It was also learned that the instant feedback offered to students from
online support developed their problem-solving skills and motivated them to become more
independent to evaluate their progress more often. The personalized instruction coupled with
immediate feedback also increased student interest in mathematics, their confidence to attempt
challenging problems, and their confidence in taking online exams.
Although the participant demographics and school setting differ from Kendricks’ (2011)
study, Drickey (2006) found similar results in a study that supported the ideas that students felt
more confident about mathematics and that it seemed easier. The study consisted of 258 sixthgraders who were separated among 13 classrooms with three teachers. The purpose was to
examine the effects of physical and virtual manipulatives on spatial reasoning and visualization
skills. Participants in the virtual group met in the computer lab four times a week for 45 minutes
each class period. Their activities consisted of manipulating applets and solving online problems
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consistent with the current unit. The physical group remained in the classroom each week and
received whole group instruction. They used physical manipulatives such as cubes and algebra
tiles. Students were interviewed, and both groups enjoyed working with the manipulatives
given—virtual or physical. They stated that the manipulatives made mathematics “fun,” “easier
to understand,” “easier to learn,” or “make me want to learn more” (p. 113). However, the
students in the virtual group had the “…highest rating of being actively engaged in the
mathematical content” (p. 113). The benefits most prominent were increased numbers of
students continuously on-task and their consistent verbal display of enjoying the personalized
instruction.
With personalized learning, students can work towards content mastery without their
peers knowing their struggles. Sometimes students who have not mastered certain mathematics
skills have to face peer pressure and could be confronted with name-calling and other derogatory
comments (Whiting, 2009). Personalized learning helps decrease the opportunities for students
to have to deal with embarrassment or peer pressure from students who may be further ahead in
their lessons by alleviating the authoritative role of the teacher (Lowther et al., 2008).
Drickey (2006) posited the following advantages of personalized instruction: 1) ability to
revise quickly, 2) access to large volumes of pertinent content related information, 3) support of
special needs populations with voice activation and enlarged print for the hearing and visionimpaired, 4) information adapted to cater to a student’s need and creativity, 5) immediate
feedback of progress, and 6) reduced classroom monitoring and management.
Efforts Must Continue to Increase Black Male Student Achievement
The efforts to increase mathematics achievement for Black males continue, yet, none
have achieved the desired effect. From Thorndike’s Theory to the Standards Movement, the
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story ends the same—Black students (males in particular) are at the bottom of the academic
totem pole. As educators continue to implement the myriad of resources accessible to them with
the hope to increase academic achievement, they must be adept to know if the learning goal was
achieved; and, if the goal was not achieved, they must be diligent in their efforts to research
“why”. To understand mathematics at the middle school level is critical for Black males (Davis,
2014). Often, these students enter middle school without a solid mathematical proficiency,
which affects their attitudes and behaviors. Redbird can be the added support these students
need as the program addresses mathematical misconceptions, shows students how mathematics
applies to their day-to-day activities and has them perform tasks that demonstrate understanding.
As aforementioned, algebra is considered the gatekeeper to advanced mathematics
(Davis, 2014; Ladson-Billings, 1997; Martin, Gholson, & Leonard, 2010; Stinson, 2004), and is
heavily focused on in the eighth grade. As the population for this study was sixth-grade Black
students, Redbird may demonstrate what is needed to give these students the opportunity to
experience success in mathematics; and, with the financial investment made by the school
district, to know the effect of Redbird on mathematics achievement will signal the return on its
investment.
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CHAPTER 3 METHODOLOGY
This chapter will present the methods used to carry out the study and will restate the
purpose and research question. The design, district and school contexts, participant descriptions,
instruments, procedures, data collection, reliability and validity of the instruments, research
ethics, and confidentiality are also addressed.
The purpose of this study was to examine the effect of Redbird on the mathematics
achievement of sixth-grade Black males enrolled at JKMS, a Title I school located in the
Southeastern region of the United States. This examination included the comparison of STAR
pre- and post-assessment data, GMAS scores, and final mathematics course grades of sixth-grade
Black males from the 2014 to 2015 school year—who did not have Redbird as a resource—to the
STAR mathematics pre- and post-assessment data, GMAS scores and final mathematics course
grades of sixth-grade Black males in the 2016 to 2017 school year—who did have access to
Redbird. The 2016-2017 participants used Redbird for at least 90 minutes each week.
This quasi-experimental study was guided by the following research question:
What is the effect of Redbird Mathematics on the mathematics achievement of sixthgrade Black males using the STAR assessment, Georgia Milestones Assessment System
(GMAS) scores and final mathematics course grades?
Research Study Design
This study was a quasi-experimental design. The purpose of a quasi-experimental study
is to assess interventions without the use of randomization (Harris et al., 2006; Nwaogu, 2012).
In this study, the researcher did not have full control over all experimental variables. The
participants could not be selected at random, as whole classes used Redbird to minimize
disruptions and to comply with IRB requirements. For the quasi-experiment to yield data with
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the most accuracy, it was critical that the researcher was cognizant of the variables the study
could not control and the “competing interpretations” of the collected data (Campbell & Stanley,
2015, p. 34). Therefore, the researcher ensured that she attended to issues of reliability, and
validity discussed later.
The design most suitable for this study was a nonequivalent group design, (See Table 1).
According to Rossi and Freeman (1993), the nonequivalent group design compares nonrandom
groups to examine how an independent variable may affect an anticipated outcome. This study
consisted of two nonrandom groups. The first group, the control group, consisted of archived
data of JKMS sixth-grade Black males from the 2014-2015 school year. These students were not
exposed to Redbird. The second group, the experimental group, consisted of JKMS sixth-grade
Black males from the 2016-2017 school year. Twenty-one of these students were from the
researcher’s classes and nine were from the classes of three other JKMS sixth-grade mathematics
teachers. A few of the participants had used Redbird at some point during the implementation
2015 to 2016 school year. For this design, the control group and experimental group were both
given a pre- and post-assessment; and, neither of the groups “…have pre-experimental sampling
equivalence” (Campbell & Stanley, 2015, p. 47).
Table 1
Pre- and Post-Assessment Quasi-Experimental Design
Assignment

Group

Pretest

Treatment

Posttest

NR

1 (n=30)

O1

X

NR

2 (n=150)

O2
STAR Scores
O2
STAR Scores

2016 to 2017 STAR Scores

O1
2014 to 2015 STAR Scores

Note. NR = nonrandom; n = number of participants; O1 = control group; X = treatment (Redbird); O2 =
experimental group
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Context of the Study
The context of the study describes the location, size, and demographics of the school
district and school where the study took place. The information was gathered from the U.S.
Census Bureau and state department of education.
District Context. The research took place among the sixth-grade mathematics classes of
the researcher and three other sixth-grade mathematics teachers at JKMS located in the
Clearbrook school district, one of the largest districts in the southeast. The district serves
approximately 96,500 students within 59 elementary schools, 19 middle schools, and 18 high
schools. This data was retrieved from the district website. The district’s population in July 2016
was 1,023,336 and comprised of 46.1% White, 44.5% Black and 7.3% Hispanic. The median
household income between the years of 2011 and 2015 was $57,207 and 49.3% of residents in
the district held a Bachelor’s degree or higher (United States Census Bureau, 2016).
School Context. In the fall of 2016 enrollment at JKMS was approximately 1,184
students (https://oraapp.doe.k12.ga.us). The ethnic makeup of the school population was 89%
Black American, 11% Hispanic. According to the data, 34% of the school population were
sixth-graders, 46% of the school population were Black males, and 51% of the Black students
were Black males (https://oraapp.doe.k12.ga.us).
Household income determines a student’s eligibility for free or reduced lunch. As stated
before, the district’s median household income was $57,207 between 2011 and 2015. A
household family of five meets the income eligibility requirements for reduced lunch, and a
household family of eight meets the income eligibility requirements for free lunch
(https://www.gadoe.orghttp://www.nj.gov/agriculture/divisions/fn/pdf/form127.pdf). Seventy-
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eight percent of the students at JKMS are eligible for free or reduced lunch
(https://oraapp.doe.k12.ga.us).
The 2016 and 2017 enrollment and demographics were expected to be similar to the prior
year, and JKMS began block scheduling (See Appendix D) with each class in session for 90
minutes each day.
The mission for JKMS is to find the purpose and to fuel the passion of its students; and,
its vision statement is to prepare students to achieve their dreams by charting a path to their
purpose. The purpose statement is as follows:
Our staff will be empowered to organize and implement research-based strategies to close
the achievement gap and chart a path to our scholars’ purpose. We will invest in people
to remove barriers to dramatic school improvement through a positive culture which
engages students in finding their purpose and fueling their passion, by achieving this goal
we will have the scholars we serve, but transform families, communities and ultimately
our future. (JKMS Principal, 2017, “Principal’s Message,” para. 2).
JKMS focuses on data-driven instruction, and students are expected to know their data as
well as interpret class data posted in classrooms. The school’s strategic priorities are to ensure
effective implementation of standards-based classrooms and establish a culture of data-driven
professional learning communities. These communities focus on improving instructional
strategies through planning and the development of outcomes that maximize the potential of all
students and staff. The professional learning communities at JKMS have been developed to
integrate reading, writing, and technology across the curriculum.
JKMS is a Title I school which means that the school receives federal funds to be used to
guarantee that its high population of students from low-income or socially disadvantaged
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families have an equal opportunity to obtain a high-quality education. Funding is determined
and allocated through the following statutory formulas: 1) Basic Grants—provide funds to local
educational agencies (LEAs) in which the number of counted children is at least 10, and is
greater than two percent of the agency’s school-age population, 2) Concentration Grants—
provide funds to LEAs in which the number of counted children is greater than 6,500 or 15
percent of the school-age population, 3) Targeted Grants—only differs from the Basic and
Concentration Grants in that the data are weighted so that LEAs with larger percentages of
children from low-income families received more funding; and, 3) Education Finance Incentive
Grants—disseminate funds to states based on the state’s effort to provide financial support for
education based on its wealth and the extent to which education expenses among LEAs are
equalized (www2.ed.gov). Although the Title I program focuses on the needs of the most
disadvantaged students, all students benefit from resources offered.
Classroom Context. Each day the researcher taught three 90-minute block sixth-grade
mathematics classes. The participants were spread among these blocks with six in Block 1,
seven in Block 2, and seven in Block 3. The other 10 participants were among the other three
sixth-grade mathematics teachers. Instruction for Block 1 began at approximately 9:05 a.m. each
day. During each block, all students completed a warm-up problem as the researcher took
attendance. The researcher would go over the warm-up problem, answer any questions about the
problem and then proceed with instruction. The content taught during the research period was
Expressions, Equations, and Functions and Inequalities with standards-based lessons—warm-up,
opening, work period, and closing. Lessons included manipulatives with algebra tiles for
enhancement and technology infusion with Study Jams or Khan Academy for instruction and
Kahoot or Math-Play for formative assessments or restatement.
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The researcher ended each work period 35 minutes before dismissal to prepare for the 30minute intervention time. During the intervention period, the researcher grouped the participants
so that she could easily ensure that they had laptops or iPads and were logged onto Redbird. The
other students were instructed to log into Redbird as well, but there were daily technology issues
(internet connection, faulty device, credential errors) that hindered 100 percent of the students
from Redbird access. When these issues occurred, the researcher quickly attended to the matters
with an enrichment activity or remedial assignment that aligned with the day’s lesson so that
their lack of technology use would not disrupt the other students.
After two weeks of consistent “Redbird” time (90 minutes each week), participants began
to immediately group themselves and ask, “Is it Redbird time?” Often the students beckoned for
the attention from the researcher (participants and non-participants) and asked questions of how
to work through tasks—tasks that required reading at a proficient level. The researcher offered
gentle guidance and worked with the students individually until the answers were “correct.” At
the end of the daily intervention period, students logged off Redbird and proceeded to their next
class. There was never a co-teacher or paraprofessional in the classroom, and the researcher
monitored the students and offered academic or technology assistance simultaneously.
A school building with over 1,100 students has certain procedures to implement and adhere to
throughout the school year. One procedure is to have a crisis management and prevention plan for each of
the following situations: natural disasters, fire, use of weapons/explosives, intruders, epidemic, pandemic,
student violence et cetera. The plan must “…include provisions for preparation/planning,
intervention/response, and post-emergency activities…” (Georgia Department of Education, 2014, p. 8).
During the intervention calendar, students participated in six crisis management drills that disrupted the
intervention.
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Career Day, field trips, and scoliosis screenings were additional activities that impeded
access to Redbird Mathematics during the intervention period. In addition, because more than
half of the students within the classroom were below mathematics proficiency level, there were
more daily classroom disruptions. In an effort to make up the lost time on Redbird, teachers
frequently allowed students to access Redbird after classroom instruction, which could have
skewed the results because of the constant disruptions.
Participants
This research was conducted during the fall and spring semesters of the 2016-2017
academic school year. The number of participants for the experimental group for the study was
30 out of 174 non-randomly selected sixth-grade Black male participants. These participants
were purposefully selected from the researcher’s classes and from among three other sixth-grade
mathematics teachers’ classes. The nonrandom selection of participants was appropriate as
students were selected based on their race and gender (Creswell, 2014; Edmonds & Kennedy,
2012).
The number of 30 2016-2017 experimental group participants was based on the number
of acquired child assent and parental permission forms. To help illustrate the similarity of the
control and treatment groups, in 2014-2015, there were 399 sixth-graders at JKMS with 82% of
the total enrollment of 1,208 students eligible for free and reduced lunch. There were 361 sixthgraders with 81% categorized who were eligible for free and reduced lunch during the 20152016 school year (http://www.gadoe.org).
Selection Process. In September 2016, the researcher gave parental consent and assent
forms to each Black male student in each of the sixth-grade mathematics classrooms and briefly
explained the research study and the assent form to each possible participant. She asked them to
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take the forms home to review with their parents and to return—only if they wished to
participate. As the researcher received the signed forms, she made copies to mail to parents and
placed the originals in a secure filing cabinet. This process was the first step of the purposeful
selection process. The researcher acquired 30 out of 174 signed consent and assent forms and
waited for the administration of the STAR pre-assessment given during the testing window of
September 12, 2017, through September 19, 2017.
Instruments
The study employed the STAR Enterprise Mathematics (STAR) pre- and postassessments to measure student achievement in September 2016, at the beginning of the study
period, and in February 2017, at the end of the study period. During the study period, the
participants engaged with the Redbird intervention embedded in the sixth-grade curriculum. The
next two sections describe the STAR assessments and Redbird.
STAR Enterprise Assessments. The STAR assessment is given three times a year in
the Clearbrook school district (fall, winter, and spring). The researcher only analyzed the STAR
post-assessment data from the winter testing due to time constraints of the study. The STAR is a
short-cycle interim assessment that provides a snapshot of current student performance within a
range of skills in the content areas of reading and mathematics. The purpose of the STAR
diagnostic is to monitor whether or not each student is growing at an acceptable rate based on his
or her national peer group. This measurement—Student Growth Percentile (SGP)—is the
analyzation of growth between a pre- and post-assessment of one group compared to the growth
of another group with similar pre-assessment scores (Renaissance Learning, 2014). For this
study, the two groups were the students who took the STAR pre- and post-assessments during
the 2014 to 2015 school year (Redbird was not implemented) and the students who took the
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STAR pre- and post-assessments during the 2016 to 2017 school year (Redbird was
implemented).
The mathematics section tests four common core domains: 1) algebra—expressions and
equations, 2) geometry, 3) number and quantity—ratios and proportional relationships and
number system, and 4) statistics and probability. There is a total of 34 multiple choice questions
with four answer choices each. Students took approximately 30 minutes to complete the domain
areas. The STAR assessments not only offer a glimpse of student academic ability but also offer
school districts a data resource to measure achievement that aligns with the Common Core State
Standards (CCSS) (Renaissance Learning, 2017).
Redbird Mathematics (Intervention). The Clearbrook school district adopted Redbird
Mathematics during the 2015 to 2016 school year to offer additional mathematics support to its
students. Teachers strongly encouraged students to spend at least 90 minutes per week using
Redbird. Some teachers assigned “Redbird time” as a graded homework assignment, and some
teachers offered “extra credit points” for “Redbird time.” Teachers who had computers in their
classrooms allowed students to log in to Redbird once classwork was completed. During the
implementation year (2015 to 2016), most of the students at JKMS had access to Redbird, but
there was no consistency or true monitoring of its use.
To ensure that teachers were familiar with Redbird as a resource, all mathematics
teachers had to complete an online training course entitled “Experience Redbird Mathematics.”
This course comprised of the following three videos: 1) Getting Started: Redbird Mathematics,
K-7, 2) Finding the Right Fit: Blended Learning Models, and 3) Optimizing Implementation:
Data in the Redbird Learning Community. Tasks to check for understanding were at the end of
each video.
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Because Redbird is an adaptive learning software—offers real-time instruction according
to student demonstrated needs—students worked at the pace that was best for them. The
software also has a science, technology, engineering, and mathematics (STEM) component
which enhances student engagement and learning (http://redbirdlearning.com).
Research Ethics
Institutional Review Board. The researcher received the approval of the JKMS
principal, authorization from the district’s Department of Research and Program Evaluation, and
Georgia State University’s IRB to carry out research within the school district. These approvals
were received prior to data collection in acquiescence to research ethics.
Consent. To uphold the ethics of the IRB regarding children, the researcher gave the
parental consent and assent forms to each Black male student in her classroom and in the three
other sixth-grade mathematics teachers’ classrooms in September 2016 after aforementioned
approvals. She briefly explained the research study and the assent form to each possible
participant and asked them to take the forms home to review with their parents. The researcher
stressed to students that they return the forms—only if they wished to participate.
Confidentiality
The researcher kept all student data private in a locked filing cabinet so that the students
and other teachers did not have access. The key to this filing cabinet was on the researcher’s
person at all times. STAR and GMAS data were stored at the researcher’s home on a password
protected laptop to which only the researcher had access. Pseudonyms were used for research
school, research district and study participants and any information that may reveal the research
school, district or participants is not reported.
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Procedures
After the students completed the STAR pre-assessment, the researcher reviewed the
results focusing on the domains tested. The researcher discussed the results with the students the
next day. The researcher gave an introduction of Redbird to the students and instructed them to
complete the course placement activity (diagnostic) given by Redbird (See Figure 3). The
program designed a course of study for each student according to the diagnostic results. The
diagnostic data was used for data analysis at the end of the study period.

Figure 3. Course Placement Activity item analysis that allows student, instructor or parent to
know the progress of student. Adapted from Redbird Advanced Learning
(www.redbirdlearning.com).
As a routine for the intervention period, the researcher took attendance each day and
logged any study participant absences on the Redbird absentee log (See Appendix F). Students
completed a 10-minute warm-up of problems that scaffolded previous lessons. After the warm-
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up, the researcher and students engaged in curriculum instruction discussion and activities for 40
minutes. At the end of the instructional period, the researcher closed the lesson asking students
questions regarding the day’s lesson (discussion and activities). Students then logged into
Redbird with their Windows Surface tablet devices or iPads, and spent 30 minutes working
through the program’s modules. The researcher allowed students to remain on Redbird until the
end of the class period and logged time data onto the Redbird time log (See Appendix E).
During this time, the researcher actively facilitated the intervention process by encouraging
students to remain on task and by addressing student questions regarding particular Redbird
content. At the signal of the timer, students took ten minutes to logout of Redbird and prepare
for dismissal. This routine occurred 90 minutes each week for five months. Mondays and
Fridays were used as Redbird make-up days if the class was unable to access Redbird due to
unforeseen circumstances (fire drills, intruder alerts, tornado drills, internet/device failures
etc…).

Pre-Analysis
The researcher conducted a pre-analysis of collected STAR post-assessment and Redbird
intervention time data. There was no significant difference in mathematics achievement
between the gain from STAR pre- and post-assessment scores between the control and
experimental groups. Since no statistically significant difference was found between the
STAR pre- and post-assessments of the control and experimental groups, the researcher
proceeded to examine other possible indicators of mathematics achievement. The
possible indicators examined were the GMAS scores and final course grades of the
control and experimental groups.
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Data Collection
Archived 2014-2015 STAR mathematics pre- and post-assessment scores, GMAS scores,
and final mathematics course grades were collected from 150 sixth-grade Black males. Current
2016-2017 STAR mathematics pre- and post-assessment scores, GMAS scores, and final
mathematics course grades were collected from 30 sixth-grade Black males of sixth-grade Black
male students. Demographics, STAR, GMAS scores, final mathematics course grades, and
Redbird intervention time data were obtained in-house from JKMS. The researcher printed
STAR pre-assessment data within one week of collection in September 2016 and STAR postassessment data within one week of collection in March 2017 for the intervention participants.
Data varied by—but was not limited to—benchmark results according to STAR pre- and postassessment data. As students worked through Redbird, achievement data was electronically
collected immediately through the display of bars, charts and graphs showing achievement by
grade level progression, the number of problems correct or incorrect and the time used to
complete modules. Redbird also offered grade equivalent results, which were analyzed as
another source of achievement data. The course placement activity data supported the STAR
and GMAS scores post-data.
The STAR post-assessment testing window was from January 17, 2017, to February 3,
2017. The post-assessment scores were compared to the pre-assessment scores to investigate if
there was an effect. In addition to the STAR pre- and post-assessment data, the researcher
compared the Redbird diagnostic grade level equivalent for each participant to the Redbird post
grade level equivalent at the end of the 15-week study period. This data enhanced the study as it
offered an additional comparison.
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Reliability of STAR
The STAR Assessments are endorsed by the federal groups, National Center on Intensive
Intervention (NCII), National Center on Response to Intervention (NCRTI), and the National
Center on Student Progress Monitoring (NCSPM). Test reliability for STAR combines computer
adaptive technology (CAT) and psychometric test design, both known to provide reliable and
objective standards. These standards may also be used to evaluate persons in education and
employment (Kline, 2015). Also, the reliability of the STAR assessment was examined using the
estimates of internal consistency and retest reliability. According to McCrae, Kurtz, Yamagata,
and Terracciano (2010), internal consistency reflects the coherence of the components of a scale,
and retest reliability reflects the extent to which comparable scores are obtained when the scale is
administered at different periods separated by a short interval. The results of the examinations of
internal consistency and retest reliability for the STAR assessment exceeded the results of most
major published assessments (Renaissance Learning, 2014). The short interval between the preand post-assessments for this study is a period of approximately five months. Retest reliability
for the STAR assessment was .93 for combined grade levels and .76 to .84 within grade levels.
These results were gathered from random samples of 5,000 students per grade level (K-12).
The STAR assessment which is skills-based is different from other assessments in that it
does not match NCTM standards (Renaissance Learning, 2012). STAR can be administered
multiple times throughout the year and is disaggregated by a scaled score, percentile rank, and
grade equivalent. These scores are used to connect student performance to other information,
such as response-to-intervention (RTI). RTI is a framework where educators “…identify
students' academic and behavioral needs and which systematically addresses those learning
needs through multiple tiers of supports” (https://www.gadoe.org). Student results are also
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categorized into four groups: At or Above benchmark, On Watch, Intervention and Urgent
Intervention (see Appendix F). The categorization offers teachers an additional way to
differentiate instruction.
To add to the reliability of the study the researcher performed the following: a) noted
participant absences (See Appendix D), b) adhered to allotted time—30 minutes (See Appendix
E), c) ensured that students had correct and working login information prior to testing day, d)
disseminated login information prior to transition from classroom to the computer lab, e) ensured
that students logged off after testing so that computers were reset for the next class, f) ensured
that students who finished before time had an assignment to complete or a book to read, g)
administered STAR assessment with the same level of fidelity as any norm-referenced
assessment, and h) checked in weekly with other teachers to discuss the time spent on Redbird of
the experimental group participants in their classrooms.
Validity of STAR
STAR assessments are considered valid by the federal groups, NCII, NCRTI, and
NCSPM as the assessments are aligned to state and national curriculum standards. The validity
of an assessment depends on the degree of relation between the knowledge and skills measured
by the assessment of expected content instruction and learning outcomes. To support the validity
of standards alignment, the STAR has analyzed multiple associations between the STAR
mathematics scores and the scores on other measures of mathematics achievement, such as
survey achievement tests, diagnostic tests, and state standardized assessments (See Table 2). The
analyzations offer good comparisons between the assessment and a different way to view data.
A technical paper published July 1, 2017, by Renaissance Learning (2017) informed that “Star
scores have a strong relationship with end-of-year Milestones scores” (p. 6). According to the
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paper, STAR and GMAS data were retrieved from four Georgia school districts (grades 3-8) and
divided into two samples during the 2014-2015 school year. One sample (51,279 records) was
of STAR scores taken between 30 days prior or after the mid-GMAS assessment testing window.
The second sample (44,745 records) was of STAR scores taken more than 30 days before the
mid-GMAS assessment testing window (Renaissance Learning, 2017). The following
paragraphs discuss the two types of validity—internal and external (Renaissance Learning,
2014).
Table 2
STAR and GMAS Assessment Cut-Scores and Achievement Level Ranges for Sixth-grade

Assessment

Beginning
Learner

Developing
Learner

Proficient
Learner

Distinguished
Learner

STAR Math

<692

692 – 810

811 – 891

≥ 892

GMAS

285 – 474

475 – 524

525 – 579

580 - 700

Internal Validity. According to Campbell and Stanley (2015), a research study must
first have internal validity to generate interpretable data, and this data must accurately attribute to
the intervention (Vogt, Gardner, & Haeffele, 2012). Table 3 lists and describes eight variables
that can pose threats to internal validity according to Campbell and Stanley (2015).
Although any threat to validity could occur at any time, the most prevalent threats to
internal validity for this study are 1) history, 3) testing, and 7) experimental mortality (Campbell
& Stanley, 2015). The researcher took the following guards to ensure that these threats were
insignificant: a) maintained a positive learning environment, b) discussed the purpose of the
STAR assessment via an informative PowerPoint, and, c) solicited participation of all Black
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males in the classes of the researcher and of three other sixth-grade mathematics teachers
regardless of benchmark score.
Table 3
Threats to Internal Validity
Threats
History

Description
Specific events occurring between the first
and second measurement in addition to the
experimental variable

Maturation

Processes within the respondents operating as
a function of the passage of time per se,
including growing older, growing hungrier,
growing more tired, and the like

Testing

The effects of taking a test upon the scores of
a second testing

Instrumentation

Changes in the calibration of a measuring
instrument or changes in the observers or
scorers used may produce changes in the
obtained measurements

Statistical regression

Operating where groups have been selected
by their extreme scores

Biases

Resulting in differential selection of
respondents for the comparison groups

Experimental mortality

Loss of respondents from the comparison
groups

Selection-maturation interaction

Might be mistaken for, the effect of the
experimental variable

External Validity. External validity is equally important in a research study as internal
validity (See Table 4). It assumes that results can be used to generalize the same results beyond
the sample participants (Vogt, Gardner, & Haeffele, 2012). The common threats to external
validity are 1) interactions of testing and treatment (X), 2) interaction of selection and treatment
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(X), and 3) reactive arrangements, such as, how participants behave when they know they are a
part of a research study (Campbell & Stanley, 2015). The participants were familiar with taking
the STAR assessment three times a year, taking the GMAS at the end of the year and receiving
final course grades at the end of the year.
Table 4
Threats to External Validity
Threats
Interaction of Testing and X

Description
The participant’s thoughts and attitudes
towards taking a pretest

Interaction of Selection and X

Why were the participants selected? How
many of the population refused participation
and why? Is the researcher able to generalize
based on the participant sample?

Reactive Arrangements

The effects of knowing that one is
participating in a research study may
influence pretest scores

The external validity of the STAR assessment was ensured with the presentation of a
short PowerPoint that offered an overview of the assessment including a description of the
purpose, domains assessed, benchmark categories, and assessment uses. There were 30
participants for the intervention, however, fourteen students did not return the permission form
(eleven with no reason given, and three due to parent refusal), and three students withdrew from
JKMS. The students were familiar with the computer lab in which they completed the STAR
assessment, making testing space comfortable; and, the researcher quickly addressed student
concerns and issues before the start of the test.
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Georgia Milestones Assessment System
The Georgia Milestones Assessment (GMAS) replaced the CRCT at the beginning of the
2014-2015 school year (www.gadoe.org). Students in grades three through high school take the
assessment and are measured by how well they have mastered the curriculum knowledge and
skills in English Language Arts, mathematics, science and social studies. Students in grades
three through eight take an end-of-grade (EOG) assessment in ELA and mathematics, and
students in grades five and eight only take an EOG assessment in science and social studies.
The purpose of the GMAS is to provide data on student mastery of the state-adopted standards in
the core content areas of ELA, mathematics, science and social studies (http://www.gadoe.org).
The assessment is also intended to afford students with pertinent information regarding their
achievement and readiness for the next achievement level of learning. Some of the features of
the GMAS include 1) constructed-response items, 2) a writing component, 3) NR items in all
content areas, and 4) transition to the online administration over time. The GMAS offers
pertinent information about their academic achievement and their readiness for the next learning
level. The experimental group (2014-2015) took the GMAS at the end of the school year. Their
scores in relation to the STAR post-assessment are also discussed in Chapter 4.
Georgia Grading and Reporting System
According to the district board policy, the purpose of progress reports and report cards is
to communicate with students regarding student grades. Grades are indicators of student mastery
of the Georgia Performance Standards at the current grade level and should not be determined by
a bell curve nor behavior. Each student assignment or artifact may be used for evaluation at the
discretion of the teacher, and it is the expectation that teachers within the Clearbrook district
carefully consider all student work (See Table 5).
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Final mathematics course grades and GMAS scores were used as instruments in this
study with the intent to examine additional possible indicators of student achievement related to
learning with Redbird.
Table 5
Clearbrook District Academic Grading Scale
Letter Grade

Grading Scale

A

90 and Above

B

80-89

C

70-79

F

Below 70

W/(1-100)

Withdrew/Pass or Fail

NG

No Grade

INC

Incomplete

Summary
This chapter discussed the research study design, context of the study, participants,
instruments, research ethics, confidentiality, procedures, STAR reliability and validity, Georgia
Milestones Assessment System and data collection. The study was conducted with fidelity and
integrity. The following chapter will discuss data analysis and results. It is the hope that this
study will positively impact mathematics’ achievement for Black males.
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CHAPTER 4 RESULTS
In this chapter, the researcher presents the results of the comparison of STAR pre- and
post-assessment data, GMAS scores, and final mathematics course grades of sixth-grade Black
males from the 2014-2015 school year (control group) to sixth-grade Black males from the 20162017 school year (experimental group). Also presented are the between-group comparisons of
the 2014-2015 STAR pre- and post-assessment data and the 2016-2017 pre- and post-assessment
data. Finally, there are data analysis displays and descriptions of the results.
The purpose of this study was to examine the effect of Redbird on the mathematics
achievement of sixth-grade Black males enrolled at JKMS, a Title I school located in the
Southeastern region of the United States. This examination compared the STAR pre- and postassessment data, GMAS scores, and final mathematics course grades of sixth-grade Black males
from the 2014-2015 school year (control group) to the STAR mathematics pre- and postassessment data, GMAS scores and final mathematics course grades of sixth-grade Black male
students in the 2016-2017 school year (experimental group). The control group did not have
access to Redbird, but the experimental group did have access to Redbird. The research
question that guided the study was: “What is the effect of Redbird Mathematics on the
mathematics achievement of sixth-grade Black males?” The STAR assessment, Georgia
Milestones Assessment System (GMAS) scores, and final mathematics course grades were
utilized to answer the research question. The null hypothesis (H0) was that there was no effect of
Redbird Mathematics on the mathematics achievement of sixth-grade Black males as measured
by the STAR post-assessment, GMAS scores, and final mathematics course grades. The actual
time frame for Redbird data collection was November 2016 to February 2017. GMAS scores
and final mathematics course grades were collected in September 2017. Redbird intervention
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began on November 1, 2016. Response rates for the acquirement of assent forms were
immediate, however, responses for parental submissions were complete, but the process was
slow.
Data Analysis
In order to analyze the data, the researcher conducted an independent samples t-test to
compare the difference of the means for independent groups (Stevens, 2007)—which means that
no one person was in both groups simultaneously. The independent samples t-test was the
appropriate technique for data analysis because it tested the difference between means of
participants who were in either the control group or the experimental group. There are two
assumptions one must make at the beginning of an independent samples t-test: 1) both groups
are sampled from a normal population, and 2) the variances of the two groups are almost
identical (p. 85). The assumption was that the observations on one sample were not dependent
on the other sample (Gaur & Gaur, 2006).
The control and experimental groups for this study were nonequivalent. For this study,
nonequivalent means that the control and experimental groups are similar but that they are not
the same—nonequivalent (www.socialresearchmethods.net). For the t-test, the categorical
independent variable was the time spent learning with the Redbird program, and the dependent
variables were the STAR post-assessment scores, the GMAS scores, and the final mathematics
course grades. The researcher used Microsoft Excel software with the Real Statistics Resource
pack add-on to analyze the scores from the STAR, GMAS scores, and final mathematics course
grades data. The criterion used in the decision to accept or reject the null was the critical value,
often termed the p-value. The significance level, (alpha level) was set at .05 for this study. The
significance level is the probability that one is incorrect with his or her decision to accept or
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reject the null hypothesis. So, one is either 95% confident that the correct decision was made, or
that there is only a 5% chance that the wrong decision was made (Gaur & Gaur, 2006).
Before performing the analyses, the control (2014-2015) and experimental (2016-2017)
group data were sorted separately and alphabetically. The data were then blinded and coded
using numbers that began with the participants’ four-digit school year followed by a number
beginning with the number one (See Table 6).
Table 6
Coding Assignments Sample

2014-2015 Codes for Control Group
1415-1
1415-2
1415-3
1415-4
1415-5
1415-6
1415-7

2016-2017 Codes for Experimental Group
1617-1
1617-2
1617-3
1617-4
1617-5
1617-6
1617-7

Note. 2014-2015 participants (n = 150); 2016-2017 participants (n = 30)

The participant coding assignment remained the same throughout the entire study and
data was affixed to the appropriate code. Relevant column headings were assigned in an Excel
workbook and STAR and Redbird data (treatment times) were entered appropriately (See Tables
7 and 8).
Finally, the created data tables were vetted for missing data (See Table 9). This action
resulted in all of the 2016-2017 participants with STAR pre- and post-assessment, GMAS scores,
final mathematics course grades and Redbird intervention time data. All of the 2014-2015
participants delivered STAR pre- and post-assessment data. However, 31 of the 2014-2015
participants had no final course grades or GMAS data, two of the 2014-2015 participants had no
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final course grades data but had GMAS data; and, finally, one participant had no GMAS data,
but had a final course grade. The missing data was due to participant absence from the
Clearbrook school district at the time the researcher began data collection.
Table 7
Column Headings Sample A

Control Group

Experimental Group (Redbird (RB))
RB
Treatment
Time in
Number STAR Pre
STAR Post
Number
STAR Pre
STAR Post
Minutes
1415-1
738
743
1617-1
841
815
1257
1415-2
604
619
1617-2
824
860
1166
1415-3
755
760
1617-3
653
651
26
1415-4
817
845
1617-4
810
759
80
1415-5
783
750
1617-5
745
712
0
1415-6
550
571
1617-6
695
753
751
1415-7
627
670
1617-7
711
644
*
Note. * represents no data generated. The sample is real data taken from the first seven
participants of the control and experimental groups.
Table 8
Column Headings Sample B
Number
RB Trajectory
Progress
1617-1
6
.11
1617-2
5
.39
1617-3
--1617-4
3
.5
1617-5
--1617-6
4
.14
1617-7
--Note. – denotes no data or no progress. The sample is real data taken from the first seven
participants of the experimental group.
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Table 9
Vetted Data Results

Number of Records
Indicator
STAR

2014-2015
(Control)
150

2016-2017
(Experimental)
30

FCGs

117

30

GMAS

118

30

Redbird

_

30

The researcher used the appropriate statistical tools to examine the descriptive data—
number count (n), means (Mean), standard deviations (STDEV), standard errors of the means
(s.e.), and critical values (p-value). This allowed the comparison of the means of both the
control and experimental groups, of the STAR pre- and post-assessment, GMAS scores and final
mathematics course grades data. The between-group comparison of the STAR pre- and postassessment scores was also analyzed to see if there was a display of difference in mathematical
proficiency between the participant groups.
Testing of Hypothesis
H0:

There will be no effect of Redbird Mathematics on the mathematics achievement
of sixth-grade Black males as measured by the STAR post-assessment, GMAS
scores, and final mathematics course grades.

The independent variable for the hypothesis was the time spent learning with Redbird.
The dependent variable was mathematics achievement defined by STAR post-assessments,
GMAS scores and final mathematics course grades. Independent t-tests were run to compare the
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mean STAR post-assessment scores, GMAS (end-of-year standardized assessment) scores and
final mathematics course grades of the experimental and control groups.
Analyses and Results
The research question that guided this study was “What is the effect of Redbird
Mathematics on the mathematics achievement of sixth-grade Black males?” The sub-questions
are as follows:
Sub-Question 1: “What is the effect of Redbird Mathematics on the mathematics
achievement of sixth-grade Black males using the 2016-2017 and 2014-2015 STAR postassessment scores?” Descriptive statistics were calculated and compared between the 2016-2017
STAR pre- and post-assessment data of the experimental group to the 2014-2015 STAR pre- and
post-assessment of the control group (See Tables 8 and 9). The purpose for the STAR preassessment comparison (See Table 10) was to consider if participants with the higher preassessment mean (2016-2017) were more mathematically proficient at the beginning of their
sixth-grade year than the 2014-2015 participants. The mean STAR pre-assessment score for the
2016-2017 experimental group was 686.73 (<692, Beginning Learner), and the mean STAR preassessment score for the 2014-2015 control group was 674.11 (<692, Beginning Learner). The
results of the independent t-test show that there was no significance between the two STAR preassessment means with a critical value, p, of .28, which is greater than the significance level of
.05.
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Table 10
Comparison of STAR Pre-Assessment Means of Experimental (Redbird) and Control (No
Redbird) Groups

Experimental
Control

n
30
150

M
686.73
674.11

SD
109.61
105.78

α

SE
20.01
8.64

p-value

.05
.28
Note: n = sample size; M = Mean; SD = Standard Deviation; SE = Standard Error of the Mean; α
= Level of Significance; p-value = .28
An analysis of the t-test (See Table 11) show that there was no significant difference
between participants who were administered Redbird and those who were not administered
Redbird. The mean STAR post score for the 2016-2017 experimental group was 682.40 and the
mean STAR post score for the 2014-2015 control group was 673.15 indicating a higher average
score for the experimental group; however, the critical value of .35 (>.05) indicated that the
probability of the experimental results occurring simply to chance is high. In other words, there
is a 95% chance that the differences between the experimental and control groups are due to
random chance alone, and not another variable.
Table 11
Comparison of STAR Post-Assessment Means of Experimental (Redbird) and Control (No
Redbird) Groups

Experimental
Control

n
30
150

M
682.40
673.15

SD
126.36
91.09

SE
23.07
7.44

α

p-value

.05
.35
Note: n = sample size; M = Mean; SD = Standard Deviation; SE = Standard Error of the Mean; α
= Level of Significance; p-value = .35
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In summary, we must accept the H0 that there was no significant difference between the
STAR post-assessment scores of those who used Redbird and the STAR post-assessment scores
of those who did not use Redbird based on the results of the t-test.

Frequency

2014-2015 STAR Pre Data
90
80
70
60
50
40
30
20
10
0

Beginning Learner 0-691
Developing Learner 692-810
Proficient Learner 811-891
Distinguished Learner ≥ 892

0-691

692-810

811-891

≥ 892

More

Achievement Levels

Frequency

2014-2015 STAR Post Data
90
80
70
60
50
40
30
20
10
0

Beginning Learner 0-691
Developing Learner 692-810
Proficient Learner 811-891
Distinguished Learner ≥ 892

0-691

692-810

811-891

Achievement Levels

Figure 4. Control group (2014-2015) STAR Pre and Post Data.

≥ 892
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Frequency

2016-2017 STAR Pre Data
18
16
14
12
10
8
6
4
2
0

Beginning Learner 0-691
Developing Learner 692-810
Proficient Learner 811-891
Distinguished Learner ≥ 892

0-691

692-810

811-891

≥ 892

Achievement Levels

Frequency

2016-2017 STAR Post Data
16
14
12
10
8
6
4
2
0

Beginning Learner 0-691
Developing Learner 692-810
Proficient Learner 811-891
Distinguished Learner ≥ 892

0-691

692-810

811-891

≥ 892

Achievement Levels

Figure 5. Experimental group (2016-2017) STAR Pre and Post Data.
Sub-Question 2: “What is the effect of Redbird Mathematics on the mathematics
achievement of sixth-grade Black males using the 2016-2017 and 2014-2015 GMAS scores? An
independent t-test was conducted to compare the means and examine other descriptive statistics
(standard deviation and standard error) between the 2016-2017 GMAS data of the experimental
group and the 2014-2015 GMAS data of the control group (See Table 12).
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Table 12
Comparison of GMAS Mean Scores of Experimental (Redbird) and Control (No Redbird)
Groups

Experimental
Control

N
30
118

M
483.07
475.92

SD
37.26
35.21

SE
6.80
3.24

α

p-value

.05

.17

The mean GMAS score for the 2016-2017 experimental group was 483.07, and the mean
GMAS score for the 2014-2015 control group was 475.92. The results show that there was no
significance between the two GMAS post scores with a critical value, p, of .17, which is greater
than the significance level of .05.

2014-2015 GMAS Data
70

Frequency

60

Beginning Learner 285-474
Developing Learner 475-524
Proficient Learner 525-579
Distinguished Learner 580-700

50
40
30
20
10
0
285-474

475-524

525-579

Achievement Levels

580-700
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2016-2017 GMAS Data
14

Beginning Learner 285-474
Developing Learner 475-524
Proficient Learner 525-579
Distinguished Learner 580-700

Frequency

12
10
8
6
4
2
0
285-474

475-524

525-579

580-700

Achievement Levels

Figure 6. Experimental and Control Group GMAS Data.
In summary, we must accept the H0 that there was no significant difference between the
GMAS scores of those who used Redbird and the GMAS scores of those who did not use
Redbird based on the results of the t-test.
Sub-Question 3: “What is the effect of Redbird Mathematics on the mathematics
achievement of sixth-grade Black males using the 2016-2017 and 2014-2015 final mathematics
course grades? An independent t-test was conducted, and the means, standard deviations, and
standard errors of the means were compared between the 2016-2017 final mathematics course
grades of the experimental group to the 2014-2015 final course grades of the control group (See
Table 13).
Table 13
Comparison of Final Mathematics Course Grades’ Means of Experimental (Redbird) and
Control (No Redbird) Groups

Experimental
Control

n
30
117

M
80.37
78.39

SD
6.71
6.32

SE
1.23
.58

α

p-value

.05

.08
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The mean final mathematics course grade for the 2016-2017 experimental group was
80.37, and the mean final mathematics course grade score for the 2014-2015 control group was
78.39. The results show that there was no significance between the two final mathematics grades
with a critical value, p, of .08, which is greater than the significance level of .05.

2014-2015 Final Course Mathematics' Grades
70

F
C
B
A

Frequency

60
50
40

0-69
70-79
80-89
90-100

30
20
10
0
0-69

70-79

80-89

90-100

Academic Grade Ranges

Frequency

2016-2017 Final Mathematics' Course Grades
16
14
12
10
8
6
4
2
0

F
C
B
A

0-69

70-79

80-89

0-69
70-79
80-89
90-100

90-100

Academic Grade Ranges

Figure 7. Experimental and Control Group Final Mathematics Course Grades Data.
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RB Time and Trajectory Consideration
An additional independent t-test was run to determine if there was significance between
the time spent with Redbird and the progress along the trajectory set by Redbird for each
participant in the experimental group (See Table 14). The mean Redbird intervention time was
395.17 minutes, and the mean progress along the grade trajectory set by Redbird was a growth of
.28. The data show that there was no significance between the time spent with Redbird and
progress through the program with a critical value of 3.25 which is much greater than the
significance level of .05.
Table 14
Comparison of Redbird Trajectory and Trajectory Progress

RB Time
Progress

n
30
20

M
395.17
.28

SD
464.03
.22

SE
84.72
.05

α

p-value

.05

3.25

Grade Equivalence Consideration
Although the results of the study were not statistically significant according to the study
parameters, the researcher further analyzed the STAR pre- and post-assessment data grouped by
grade equivalence (GE) according to Redbird (See Table 15 and Figure 8). The data were
grouped into two GE bands and the results informed that students with a GE of <4.5 indicated a
loss of 30 points on the STAR pre- and post-scaled means; and, students with a GE of >4.5
indicated a gain of nine points. The results indicate that Redbird may support mathematics
achievement of students with a higher GE, however, the program does not show a promising
difference in the STAR pre- and post-assessment means of students with a lower GE. The
implication is that students who are closer to grade level according to RB at the beginning of its
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support are more likely to benefit from the use of RB than students who are more than one and a
half years below.
Table 15
Comparison of Experimental Group STAR Pre- and Post-Data Grouped by Redbird GE
N
12
14

GE < 4.5
GE > 4.5

M (Pre)
624.17
747.07

M (Post)
594.17
755.86

GE < 4.5
900
800
700
600
500
400
300
200
100
0
1

2

3

4

5

6

STAR Pre

7

8

9

10

11

12

STAR Post

GE > 4.5
900
700
500
300
100
-100

1

2

3

4

5

6
STAR Pre

7

8

9

STAR Post

Figure 8. STAR Data Grouped by RB Grade Equivalence

10

11

12

13

14
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Post-Research Analyses and Results
At the end of the IRB approved research study period (September 2016 to February
2017), the researcher collected data to show that the experimental sample of 30 participants was
representative of the population of sixth grade Black males at JKMS during the 2016-2017
school year. Due to the district’s discontinued use of the STAR assessment as its postmonitoring tool at the end of the 2016-2017 school year, individual STAR data were no longer
available. Therefore, final mathematics course grades and GMAS data for all of the sixth grade
Black males at JKMS during the 2016-2017 school year were collected, sorted and analyzed in
the same manner as the experimental group data with the use of independent t-tests.
The comparison of the means of both groups (See Tables 16 and 17) show that the
experimental group of 30 participants and the Black male population were not statistically
different on the GMAS mean or the final course grades mean. Therefore, the sample may be
viewed as representative of the population, and therefore, the findings of the study can be
generalized to the sixth grade Black male population at JKMS.
Table 16
Comparison of GMAS Mean Scores of Experimental and JKMS Sixth Grade Black Males

Experimental
Sixth Grade
Black Males

N
30
138

M
483.07
484.28

SD
37.26
38.86

SE
6.80
3.31

t-stat

α

p-value

.16

.05

.87
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Table 17
Comparison of Final Mathematics Course Grades’ Means of Experimental and JKMS Sixth
Grade Black Males

Experimental
Sixth Grade
Black Males

N
30
139

M
80.37
79.6

SD
6.71
6.09

SE
1.23
.52

t-stat

α

p-value

-.58

.05

.57

Summary
The goal of this quantitative study was to determine if Redbird Mathematics had an effect
on the mathematics achievement of sixth-grade Black males. This chapter presented descriptive
statistics, independent t-tests (two-sample for means and two-sample assuming unequal
variances) of the results of the study, and answered the research question(s). Based on the
analyses of the data, Redbird did not have an effect on the mathematics achievement of sixthgrade Black males.
In addition, the researcher considered to further analyze the Redbird time and trajectory
progress and the STAR data which was grouped by Redbird grade equivalence (See Table 15).
Neither analysis were statistically significant, the STAR data grouped by grade equivalence
indicated that Redbird may offer more support to students who are just below grade level than
students who are several grades below level in mathematics.
The results of this study will inform future studies, school districts, and educational
leaders to make funding and curriculum decisions that positively impact mathematics
achievement for middle school Black American males.
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CHAPTER 5 DISCUSSION
With the use of a quasi-experimental design and quantitative research methods, this study
examined the effects of an adaptive learning system (Redbird) on the achievement of sixth-grade
Black males in mathematics at a Southeastern Title I middle school. This study involved the use
of both experimental and control groups to examine any difference between the STAR postassessments, GMAS scores, and final mathematics course grades after the implementation of the
intervention. The STAR assessment aligns with the Knowledge Space Theory framework for
this study in that a student’s prior knowledge (knowledge state)—indicated by how they
answered the question items—dictates the answer patterns (knowledge space). Redbird takes the
answer patterns and creates a learning path for the student. However, STAR creates a standing
of where the student’s academic ability exists as a beginning, developing, proficient or
distinguished learner. The information is used by educators to determine remediation or
enrichment resources necessary to propel the student to the next academic level.
The research question for this study is: What is the effect of Redbird Mathematics on the
mathematics achievement of sixth-grade Black males using the STAR assessment, Georgia
Milestones Assessment System (GMAS) scores and final mathematics course grades? The
research question was parted into the following three separate sub-questions:
Sub-Question 1: “What is the effect of Redbird Mathematics on the mathematics
achievement of sixth-grade Black males using the 2016-2017 and 2014-2015 STAR postassessment scores?”
Sub-Question 2: “What is the effect of Redbird Mathematics on the mathematics
achievement of sixth-grade Black males using the 2016-2017 and 2014-2015 GMAS scores?
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Sub-Question 3: “What is the effect of Redbird Mathematics on the mathematics
achievement of sixth-grade Black males using the 2016-2017 and 2014-2015 final mathematics
course grades?
Although the research question was parted into three separate sub-questions, the
discussion will address the main research question for the study.
Discussion of the Results
Although there was near significance with a p-value of .08 between the final course
grades and time spent learning with Redbird between the experimental and control groups,
Redbird did not affect the mathematics achievement of the sixth-grade Black males at JKMS.
Chapter 5 presents a discussion of the research results, limitations of the study, implications for
practice, recommendations for further research and conclusion of the study.
Regarding achievement in this study, Redbird did not affect the mathematics achievement
of sixth-grade Black males as indicated by the STAR post-assessment, GMAS scores or final
mathematics course grades. Although the experimental group’s STAR post-assessment and
GMAS scores were 9.25 and 7.15 points higher respectively than the control group, the p-values
of .17 and .35 respectively, informed that there was no statistical significance with a significance
level of .05.
The mean intervention time of 395.17 minutes per participant along with a mean growth of .28
from the initial grade level (according to Redbird), to the final grade level at the end of the intervention,
showed no statistically significant result with a p-value of 3.25. The anticipated intervention time was
approximately 960 minutes (32 intervention days) for each participant. However, due to daily disruptions
throughout the school day, the 960 minutes perhaps was too ambitious for the intervention period.

89

It is assumed that the more time spent learning in Redbird, would have equaled more
progress along the Redbird learning paths. If the mean intervention time was higher, there may
have been more student growth according to the Redbird trajectory. Nwaogu (2012) conducted a
similar study using an adaptive learning system (ALEKS) and concluded that time spent learning
with ALEKS had a significant effect on mathematics achievement only when coupled with
concept mastery. As the STAR post-data for this study show, most of the participants did not
have concept mastery of prior mathematical concepts (grades K-5). A lack of concept-mastery
combined with the complexity of the item set questions within the knowledge states, spaces and
along the learning paths may have led to the non-significant results of this study. If more
participants were Proficient and Distinguished level learners, (See Table 2), there may have been
an increase in the STAR post-data and GMAS scores because students would have gained more
mathematical understanding from the support of Redbird.
The STAR data grouped by Redbird GE (See Appendix P) informed that 19 students
were below grade level, with 13 students two or more grades below level. The comparison of
the STAR pre- and post-data of the experimental participants grouped by Redbird grade
equivalences (See Table 15 and Figure 8) indicated that students who are closer to or at grade
level may benefit more from Redbird than students who are several levels below grade level.
Although Redbird asserts that its program serves a dual purpose to support accelerated students
and struggling students, the program design must be examined to find why struggling students
may not realize the benefits of Redbird support.
During the study, the researcher observed a significant number of tasks that required
reading at a proficient level to successfully navigate through the task and progress to the next
task. It is widely accepted that if a student reads at a level less than proficient, his mathematics

90

ability is likely, less than proficient (Chiappe, 2005); thus, it is safe to infer that students who
were not proficient readers did not progress through Redbird as well as they could have if their
reading abilities were more proficient.
Another possible reason that Redbird statistically showed no effect on mathematics
achievement in this study is that Redbird was not used for instruction of the sixth-grade
curriculum as ALEKS was used for instruction of the College Mathematics I course in that study
(Nwaogu, 2012). Redbird was used to support mathematics achievement. Therefore, students’
perceptions of working through modules that were not specifically related to the current unit of
instruction may have offered a negative effect. Similarly, the STAR assessment item sets were
not all specific to the content students were learning during a normal instructional time in their
classrooms. Like Redbird, STAR creates a knowledge state based on how the student answers
the questions. So, a sixth-grade student at a “Beginning Learner” achievement level will most
likely not encounter problems that involve multiplication and division of integers on the STAR
assessment. Thus, the motivation to offer authentic brain activity and to thoughtfully answer the
items may have been an unreasonable expectation.
Throughout the study students accessed available games on Redbird before their attempt
to progress through the learning modules. After one week of intervention, students were
instructed to progress through at least two modules before interacting with the games. This
approach reiterated “work before play” and kept the study focused on the effects of Redbird on
mathematics achievement. There should be more investigation of Redbird to examine if its tasks
and games are culturally relevant to the various groups of students it serves.
As Bol and Berry (2005) informed that more culturally relevant instruction must be
offered within schools, so must more culturally relevant activities and tasks be embedded within
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adaptive learning systems. Boykin’s (1986) term “verve” defined by (Carter et al., 2008, p. 30)
as “…the propensity for energetic, intense, stylistic body language and expression” was observed
during each intervention period as participants would compete with each other in the Redbird
gaming activities. In our age of technology, it is imperative to permeate mathematics instruction
with technology (Bracey, 2013); however, it is also imperative that research is conducted to test
the effectiveness of the technology resources used for the intent to increase achievement
(Maxwell, 2014). Although Redbird did not significantly impact the mathematics achievement
of sixth-grade Black males, its gaming design could prove imperative.
The near significant result with a .08 p-value between the final course grade mean scores of the
control and experimental groups indicates that grades earned by students did not match their learning levels
according to the STAR and GMAS assessments. For example, the STAR post mean scores of 682.40
(experimental) and 673.15 (control) show that most of the control and experimental group participants
scored as beginning level learners (See Tables 10 and 11).
Conversely, the final course grades mean scores of 80.37 (experimental) and 78.39
(control) show that most of the control and experimental group participants scored as highaverage to above-average learners (See Figure 8). This indicates that there is an incongruity
between the grading scale at JKMS and the STAR and GMAS assessments. The final course
grades should reflect the learning levels defined by the STAR and GMAS assessments.
Redbird served as a support in this study but did not significantly impact the mathematics
achievement of the sixth-grade Black males for whom the intervention was given because it
cannot serve as the panacea for Black male achievement in mathematics.
Finally, there were only one to two on-site trainings on how to use Redbird in the
classroom per year. Support was available via phone, email, and webinars, but with the
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numerous responsibilities placed upon teachers, it was unrealistic to think that they would take
the time to reach out for resource support having limited knowledge of the resource. Coupled
with some teachers having limited knowledge of the resource, based on conversations with the
other teachers, the participants who were not students of the researcher had experienced limited
encouragement to access and work through Redbird modules. To maintain reliability, teachers
had to offer the Redbird intervention to their students consistently, which may have been an
unreasonable request due to infrequent training on Redbird.
Limitations of the Study
Schooling Effects. Because of the demands on teachers, it is difficult to create a
consistent ‘learning with technology’ space that is not disrupted by the constant changes and
directives that occur within a school building. Teacher instructional strategies are often altered
because of the demands placed on them and their time, and they are aggressively awarded
additional tasks that do not directly affect academic achievement. As the demands occur,
instruction of the standards falls behind while the time before the end-of-the-year standardized
test wanes. Due to these events, teachers hurriedly teach the standards in hopes that students will
learn what is necessary quickly.
Effect of Class Size of Intervention Setting. Redbird has proven effective as an
adaptive software to increase mathematics achievement among students in grades K-6 and to
support mathematically proficient students in their move to more rigorous mathematics
(http://redbirdlearning.com). The class sizes in this study proved too large to solicit adequate
observation which impacted the results of the study. Kendricks (2011) named small class size as
a benefit of her study, and according to Nye, Hedges, and Konstantopoulos (2001), students in
small (13-17 students) classes realize higher mathematics achievement than students in large (22-
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26 students) classes. In a classroom with at least 25 students logged into a technological device,
it was daunting to ensure that there are little to no distractions, or that each student worked
diligently to achieve the academic goal. Having a co-teacher or paraprofessional inside the
classroom to assist with monitoring student progress would have enhanced the study.
Effect of Technology Issues. As stated earlier, there were students who could not access
Redbird due to credential or technology issues. These occurrences may have had a slight impact
on the effectiveness of the intervention due to more activity in the classroom (students with
questions of how to proceed and the researcher with quick responses). To combat these issues,
the researcher allowed students to access Redbird with their smartphones if necessary.
Also, students working on individual devices require additional means to monitor. A
computer lab with visible monitors or a school-wide technology system that allows the students
to access only program(s) specified by the teacher (in this case Redbird), teachers would have the
flexibility to monitor time on task and offer more intervention time data.
The Continual Inconsistencies in Education. Prior exposure of students to Redbird
may have offered significant results. According to Darling-Hammond (2010), school districts
change and implement new policies, sometimes in the middle of a school year, with the
expectations that teachers and students comply—teachers to administer new software and learn
how to effectively use the data, and students to learn how to work through the software and what
the data means to their overall academic achievement. Although students and teachers became
familiar with Redbird during the 2015-2016 school year, Redbird was not fully implemented
within the district until 2016-2017. Teachers had to become familiar with the login procedure
and overall description of Redbird as well as how to use the data offered by Redbird.
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Implications for Practice
Grading Inconsistency Must be Addressed. Teachers must adhere to school (can vary by
district) grading policies that often state, “No grade less than 60 should be given to a student for
a classwork assignment,” or “No ZERO grading policy.” These policies place teachers in
threatening positions because they know that the final grades do not reflect the student’s overall
academic proficiency. When grades are inflated, parents rightfully begin to question a final
course grade of 82 when they receive the STAR or GMAS results categorizing their child as a
beginning level learner.
Although Milner (2007) charged that teachers must be held more accountable at a higher
level, teachers must also adhere to the rules and policies within their school buildings. However,
to continue to adhere to policies that perpetuate the dominant narrative of the Black male—low
academic performance—is unjust and unethical. These practices, while are visually appealing
(grades of A, B, or C) on paper, do not help our Black male students when they encounter the
Scholastic Assessment Test (SAT) and/or the American College Test (ACT)—two assessments
that determine college entry because they are not academically prepared. Thus, Black males still
end up in the school to prison nexus (Meiners, 2007). Herein lies the challenge—teachers must
professionally challenge the grading practices of their current schools if the practices do not align
with the state assessments.
Excessive Testing Must be Addressed. As indicated by the STAR data (See
Appendices N and O), several students’ STAR scores decreased from the pre- to postassessments in both control and interventions groups. Although there are other factors that can
be attributed to the decrease, excessive testing should be strongly considered. Excessive testing
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weakens many students’ opportunities to learn and education should reconsider its lens of testbased accountability to critical thinking, understanding, and reasoning (Moss et al, 2008).
Implications for School and District Administrators. School districts must research
the effectiveness of adaptive programs such as Redbird prior to implementation if they plan to
maximize the potential of the program. According to the STAR post-data grouped by Redbird
grade equivalence of the experimental group, students who were at or above a grade level of 4.5
performed much better on the STAR post-assessment than students who were several grade
levels below 4.5 (See Table 15 and Figure 8). Because a large percentage of the sixth grade
Black males at JKMS were beginning learners according to the STAR assessment and below
grade level according to Redbird, it is unreasonable to expect that the beginning learners will
reach the zone of proximal development where they can attain success. Students, at or above
grade level, are within the zone of proximal development and are most likely to perform well
with Redbird, which targeted the talented and gifted students (Metropolitan Center for Research
on Equity and the Transformation of Schools, 2014).
Implications for Curriculum Specialists. School curriculum specialists in metropolitan
schools must conduct extensive research on adaptive learning software to determine whether or
not the software is culturally responsive. Is Redbird Mathematics culturally responsive? Gay
(2002) asserted that culturally responsive pedagogy will “…improve the success of ethnically
diverse students” (p. 106). Ladson-Billings (1995) added that the “natal” culture be used to
select educational programs and that a requirement of educators should be to accept how students
communicate—cultural synchronization. Is Redbird Mathematics culturally responsive to the
academic needs of Black male students? According to the district’s site, the Clearbrook school
district spends $500,000 per year for the license to use Redbird Mathematics. If the software is
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not effective, then those in charge to purchase technology for the district must carefully consider
alternative resources to support mathematics achievement.
Recommendations for Further Research
What is the cognitive complexity of mathematical tasks in Redbird? As labeled
according to DOK, are they Recall, Basic Application of Skills and Concept, Strategic Thinking
or Extended Thinking? Per my observations of students over the last six years, many students
struggle with reading—a skill used at a more than basic level during Redbird. If students
struggle to read, they may be more apt to “play games” than to read and critically think about
questions that are open-ended. After a careful examination of the complexity of mathematical
tasks in Redbird, one may wish to conduct a comparison study to examine student Lexile scores
and their mathematics GMAS scores. A Lexile score measures a student’s reading ability and is
based on the English Language Arts (ELA) reading section http://www.gadoe.org/CurriculumInstruction-and-Assessment/Assessment/Pages/Lexile-Framework.aspx). Comparing the two
scores may offer insight as to how to increase mathematics achievement.
Redbird, working as its own instrument of data collection and with guided analysis of
student assessment and performance results, may be an effective tool to help increase student
mathematical proficiency. In addition, a case study accompanied by student interviews can offer
a clearer lens to discover if Redbird can increase mathematics achievement among Black males.
Due to time constraints, and classroom sizes, interviews were not feasible for this study, but
alternative or additional data collection methods that were out of the scope of this study and
could have offered different results, should be future recommendations to the ongoing research.
A final recommendation for further research is to examine the aspect of personal
motivation or efficacy to student learning. As Black middle and high school males navigate the
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“nexus” mentioned earlier (Meiners, 2007), they become less engaged in academics and seem to
underachieve and devalue the purpose of school (Whiting, 2006). When students are personally
motivated, they feel accomplished as they make strides academically (Rowley & Bowman,
2009).
Conclusion
The purpose of this research was to examine the effect of Redbird on the mathematics
achievement of sixth-grade Black males. The participants in this study were enrolled in a sixthgrade mathematics course in a metropolitan Title I school located in the southeastern region of
the United States. The results of this study show that Redbird Mathematics did not have a
significant effect on students’ mathematics achievement and time spent learning in Redbird was
not a predictor of mathematics achievement. The difficulty of the STAR pre- and postassessments did not require calculation or critical reasoning beyond the expectation
demonstrated by the number of items answered correctly. The STAR assessment and Redbird
data were almost equivalent regarding student proficiency levels.
Education leaders should consider the study’s results and develop possibilities for
continued research to increase mathematics achievement among Black American males. Redbird
cannot be the one expected resolution to decades of educational inequity and inequality
regarding Black male achievement in mathematics. There must be continuous efforts to examine
each facet of a multifaceted system by which Black males encounter academic successes and
failures each day. These efforts must not only examine the facets that contribute to the academic
pathways of Black males in mathematics but must also examine the programs and resources put
in place after remedies offered by research efforts.
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APPENDICES

Appendix A
Parental Permission Form
Georgia State University
Department of Middle and Secondary Education
Parental Permission
Title: The Effects of Redbird Mathematics on Sixth-grade Black Males’ Mathematics
Achievement
Principal Investigator: Pier Junor Clarke
Student Principal Investigator: Demetria Wilson
Sponsor: This study is not funded.
I.
Purpose:
Your child is invited to join in a research study. The purpose is to examine the impact of
Redbird Mathematics on the achievement of Black males. Your child is invited to join because
he is a sixth-grade Black male. He will take the STAR test in September 2016 and January 2017.
The researcher will invite a total of 50 participants to join in the study. Your child will still
receive sixth-grade math instruction and participation in this study will NOT take away from his
instructional time.
II.
Procedures:
All students will use Redbird 30 minutes three times per week in 15 weeks for a total of 22 hours
and 30 minutes. The student interaction with Redbird will occur after a 10-minute warm-up, 45
minutes of classroom instruction, and a 5-minute closing. If your child joins the study, we are
only asking permission to use his STAR, Redbird and class attendance data. All students will
use Redbird Mathematics whether they join or not.
III.
Risks:
Your child will not have any more risks than he would in a normal day of life.
IV.
Benefits:
Joining this study may not benefit your child, but we hope to learn about Black male success in
math.
V.

Voluntary Participation and Withdrawal:
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Your child does not have to join this study. If he decides to be in the study and changes his
mind, he has the right to drop out at any time. Your child will not receive any unfair treatment
and his decision to drop out of the study will not affect his grade.

VI.
Confidentiality:
We will keep your child’s data private to the extent allowed by law. Pier Junor Clarke and Demetria R. Wilson will have access to the information your child provides. Information may also
be shared with those who make sure the study is done correctly at GSU. We will use your
child’s initials to code his personal data. This data will be stored at Demetria Wilson’s home in a
folder and a password protected laptop to which only the researcher has access. Your child’s
personal data will not appear in the results of this study. The findings will be reported in group
form. Your child will not be identified personally.
VII. Contact Persons:
Contact Demetria Wilson at 404-692-3252, or email dwilson56@student.gsu.edu if you or your
child has questions or complaints about this study. You can also call if you think your child has
been harmed by the study. Call Susan Vogtner in the Georgia State University Office of Research Integrity at 404-413-3513 or email svogtner1@gsu.edu if you or your child wants to talk
to someone who is not part of the study. You or your child can ask questions, offer input, or
make suggestions about the study. You or your child can also call Susan Vogtner if you have
questions about your rights in this study.
VIII. Copy of Permission Form to Participant:
We will give you a copy of this permission form.
If your child is willing to join this study, please sign below.
____________________________________________
Parent or Guardian

_________________
Date

____________________________________________
Your Child’s Name
_____________________________________________
Student Researcher

_________________
Date
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Appendix B
Child Assent Form
Georgia State University
Department of Middle and Secondary Education
Child Assent Form
Title: The Effects of Redbird Mathematics on Sixth-grade Black Male Students’ Mathematics
Achievement
Principal Investigator: Pier Junor Clarke
Student Principal Investigator: Demetria R. Wilson
I.
Purpose:
I invite you to join in research. The research is to see how good Redbird is for learners.
II.
Procedures:
In the study, you will use Redbird 30 minutes three times per week from September to January.
III.
Risks:
This study does not have any more risks than you would in a normal day of life.
IV.
Benefits:
To join this study may not benefit you personally. Overall, we hope to gain information about
Black male achievement in mathematics.
V.
Voluntary Participation and Withdrawal:
You do not have to join. Your parent cannot make you stay in the study. You can drop from the
study at any time. Any of those actions will not affect your grade in class.
VI.
Contact Persons:
Contact Ms. Wilson at 404-692-3252, or dwilson56@student.gsu.edu if you ever have any questions. If you feel the study has harmed you in any way, contact Susan Vogtner at 404-413-3513
or svogtner1@gsu.edu
If you want to join the study, please sign below.
____________________________________________
Your Name
_____________________________________________
Student Researcher

________________
Date
_________________
Date
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Appendix C
JKMS Master Bell Schedule
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Appendix D
Redbird Absentee Log

Week of:

________________
Name
1

2

3

4

5

6

7

T

W

TH

Comments
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Appendix E
Redbird Treatment Time Log

Time Log
Week of:
_______________

T

W

TH

Comments
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Appendix F
2014-2015 and 2016-2017 STAR Assessment Descriptive Statistics

2014-2015 STAR Pre
Mean
Standard Error
Median
Mode

674.1067
8.636679
683.5
653

Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

105.7773
11188.83
0.776895
-0.66124
641
261
902
101116
150

2016-2017 STAR Pre
Mean
Standard Error
Median
Mode

686.7333
20.01126
681
654

Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

109.6062
12013.51
-0.26095
-0.56491
417
424
841
20602
30

2014-2015 STAR Post
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

673.1467
7.437239
679.5
750
91.0872
8296.878
-0.42946
-0.04885
466
439
905
100972
150

2016-2017 STAR Post
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

682.4
23.07034
702.5
753
126.3614
15967.21
1.222164
-0.91626
566
332
898
20472
30
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Appendix G
2014-2015 and 2016-2017 STAR Assessment
Two-Sample for Means t-Tests

2014-2015 STAR
Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

2016-2017 STAR
Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Pre
674.1067
11188.83
150
0.783566

Post
673.1467
8296.878
150

0
149
0.177525
0.429669
1.655145
0.859337
1.976013

Pre
686.7333
12013.51
30
0.785518
0
29
0.3009
0.382819
1.699127
0.765638
2.04523

Post
682.4
15967.21
30
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Appendix H
2014-2015 and 2016-2017 STAR Assessment Independent
Two-Sample Assuming Unequal Variances t-Tests

1415-1617 STAR
Mean
Variance
Observations
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

1415-1617 STAR
Mean
Variance
Observations
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

Pre
Pre
674.1067 686.7333
11188.83 12013.51
150
30
0
41
-0.57933
0.28277
1.682878
0.565539
2.019541

Post
Post
673.1467
682.4
8296.878 15967.21
150
30
0
35
-0.38175
0.352479
1.689572
0.704958
2.030108
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Appendix I
2014-2015 and 2016-2017 GMAS Descriptive Statistics

2014-2015 GMAS
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

475.9237
3.241324
471
459
35.20979
1239.729
0.799703
1.009939
159
422
581
56159
118

2016-2017 GMAS
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

483.0667
6.802963
482.5
447
37.26136
1388.409
-0.31946
0.378053
153
415
568
14492
30
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Appendix J
2014-2015 and 2016-2017 GMAS
Two-Sample Assuming Unequal Variances t-Test

Mean
Variance
Observations
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

1415
1617
475.9237 483.0667
1239.729 1388.409
118
30
0
43
-0.94788
0.174243
1.681071
0.348486
2.016692
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Appendix K
2014-2015 and 2016-2017 Final Mathematics Course Grades Descriptive Statistics

2014-2015 FCGs
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

78.39316
0.5847
78
73
6.324497
39.99926
-0.62165
0.345803
28
67
95
9172
117

2016-2017 FCGs
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

80.36667
1.225667
79.5
81
6.713257
45.06782
0.819983
0.716548
29
70
99
2411
30
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Appendix L
2014-2015 and 2016-2017 Final Mathematics Course Grades
Two-Sample Assuming Unequal Variances t-Test

Mean
Variance
Observations
Hypothesized Mean Difference
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

1415
1617
78.39316 80.36667
39.99926 45.06782
117
30
0
43
-1.45325
0.076706
1.681071
0.153413
2.016692
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Appendix M
Redbird Intervention Time Descriptive Statistics

Redbird Intervention Time
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

395.1667
84.7203
231.5
0
464.0322
215325.9
1.173051
1.350002
1738
0
1738
11855
30
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Appendix N
2014-2015 STAR Pre- and Post-Assessment Data

Number

1415-1
1415-2
1415-3
1415-4
1415-5
1415-6
1415-7
1415-8
1415-9
1415-10
1415-11
1415-12
1415-13
1415-14
1415-15
1415-16
1415-17
1415-18
1415-19
1415-20
1415-21
1415-22
1415-23
1415-24
1415-25
1415-26
1415-27
1415-28
1415-29
1415-30
1415-31
1415-32
1415-33
1415-34

STAR Pre

STAR Post

738
604
755
817
783
550
627
725
602
611
830
795
650
645
813
680
765
555
603
629
756
762
623
683
694
691
830
754
582
671
720
624
597
767

743
619
760
845
750
571
670
731
603
702
813
801
707
656
818
647
792
574
494
608
717
736
636
700
757
679
798
635
527
715
646
556
708
763
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1415-35
1415-36
1415-37
1415-38
1415-39
1415-40
1415-41
1415-42
1415-43
1415-44
1415-45
1415-46
1415-47
1415-48
1415-49
1415-50
1415-51
1415-52
1415-53
1415-54

601
670
464
612
676
664
546
735
476
426
560
580
616
552
700
741
719
653
669
725

580
673
608
671
721
660
571
648
480
560
579
623
673
552
707
741
588
691
703
789

1415-55
1415-56
1415-57
1415-58
1415-59
1415-60
1415-61
1415-62
1415-63
1415-64
1415-65
1415-66
1415-67
1415-68
1415-69
1415-70
1415-71
1415-72
1415-73
1415-74
1415-75
1415-76

792
652
703
504
456
784
787
684
557
698
662
794
653
824
630
422
718
703
709
742
538
779

750
632
705
675
562
763
758
652
561
515
618
796
705
905
578
505
684
697
667
659
594
831
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1415-77
1415-78
1415-79
1415-80
1415-81
1415-82
1415-83
1415-84
1415-85
1415-86
1415-87
1415-88
1415-89
1415-90
1415-91
1415-92
1415-93
1415-94
1415-95
1415-96
1415-97
1415-98
1415-99
1415-100
1415-101
1415-102
1415-103
1415-104
1415-105
1415-106
1415-107
1415-108
1415-109
1415-110
1415-111
1415-112
1415-113
1415-114
1415-115
1415-116
1415-117
1415-118

496
649
769
636
712
750
730
677
717
655
709
489
522
708
701
491
586
642
600
783
651
673
575
566
584
449
691
857
606
793
738
818
748
866
557
780
261
834
760
618
813
829

553
647
637
661
588
589
714
725
750
719
745
596
545
714
703
548
618
727
638
794
688
680
536
636
587
608
730
842
551
778
685
740
746
864
556
694
439
795
700
544
809
825
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1415-119
1415-120
1415-121
1415-122
1415-123
1415-124
1415-125
1415-126
1415-127
1415-128
1415-129
1415-130
1415-131
1415-132
1415-133
1415-134
1415-135
1415-136
1415-137
1415-138
1415-139
1415-140
1415-141
1415-142
1415-143
1415-144
1415-145
1415-146
1415-147
1415-148
1415-149
1415-150

731
604
763
701
741
715
651
719
653
748
644
779
559
672
774
603
706
799
703
644
902
716
785
658
823
799
770
707
465
587
671
528

701
595
721
732
690
630
710
661
675
505
557
553
620
752
737
598
727
756
737
587
865
678
769
680
816
721
773
698
492
614
629
642
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Appendix O
2016-2017 STAR Pre- and Post-Assessment Data

Number

1617-1
1617-2
1617-3
1617-4
1617-5
1617-6
1617-7
1617-8
1617-9
1617-10
1617-11
1617-12
1617-13
1617-14
1617-15
1617-16
1617-17
1617-18
1617-19
1617-20
1617-21
1617-22
1617-23
1617-24
1617-25
1617-26
1617-27
1617-28
1617-29
1617-30

STAR Pre

841
824
653
810
745
695
711
651
488
782
675
623
544
663
676
654
801
808
726
578
424
819
686
750
519
654
658
816
786
542

STAR Post

815
860
651
759
712
753
644
628
332
676
736
575
753
528
618
652
795
898
733
705
445
852
700
713
653
650
675
784
742
435
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Appendix P
STAR Data Grouped by Redbird GE
RB GE
Pre
1617-9
1617-21
1617-16
1617-30
1617-4
1617-8
1617-20
1617-23
1617-15
1617-14
1617-12
1617-6
1617-24
1617-18
1617-27
1617-10
1617-17
1617-29
1617-2
1617-19
1617-28
1617-11
1617-22
1617-25
1617-26
1617-1
1617-3
1617-5
1617-7
1617-13

RB GE
Post
2
2
2
3
3
3
3
3
3
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6
6

2
2.02
2.48
3.18
3.5
3.5
3.52
3.52
3.59
4
4.02
4.14
4.61
5
5
5.25
5.25
5.32
5.39
6
6
6.02
6.02
6.02
6.05
6.11

STAR
STAR
Pre
Post
FCGs
GMAS
488
332
74
457
424
445
70
415
654
652
76
459
542
435
76
430
810
759
82
500
651
628
70
447
578
705
70
447
686
700
75
498
676
618
79
489
663
528
81
439
623
575
78
447
695
753
79
477
750
713
84
474
808
898
99
536
658
675
79
484
782
676
77
481
801
795
88
508
786
742
83
506
824
860
92
568
726
733
81
495
816
784
91
553
675
736
83
466
819
852
80
535
519
653
74
454
654
650
77
447
841
815
86
503
653
651
87
511
745
712
81
495
711
644
75
451
544
753
84
520
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Appendix Q
Redbird Data Displays
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